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ABSTRACT 


The economics of industrial water use in Alberta is the 
foeus or emthes thesis. “"Attentron is given to both the 
quantitative and qualitative aspects of industrial water 
use. The analysis is based primarily on data collected by an 


industrial water use survey conducted in early 1973. 


Analysis regarding the quantitative characteristics of 
industrial water use in Alberta focuses on four separate but 
interrelated themes. The first is an examination of. the 
current water use pattern of the industrial sector in 
Alberta. “fhe+* Oil * Extraction “Industry is found to be the 
largest consumptive user of water. All water for this use is 
provided privately, the source being primarily surface 
water. The second theme is concerned with the relationship 
of current industrial water demand to Sxisclug se SUPpLIcCS mor 
Waters Now real conflict TS” apparent on a provincial basis, 
although water shortage with respect to specific seasons or 


basins may be a potential concern. 


A third thene regarding the quantitative 
characteristics of industrial water use in Alberta centers 
on — the estimation of future’ levels of industrial water 
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demand. It is assumed that the price of water has only minor 
effects on the guantity demanded; future levels of this 
demand are therefore assumed to be fixed to the level of 
output. The fourth aspect of industrial water use in Alberta 
-~-the relationship of available supplies to the anticipated 
level of industrial and total demand--would imply that there 
is little evidence to suggest future water shortages for 
this use although tae South Saskatchewan River basin could 
realize some probiems. However, if pressure were to be 
realized on water supplies, institutional flexibility 
{through the water rights system) is felt to be the key to 
the allocative proebienm along with water storage and 


diversion schemes. 


The qualitative characteristics of industrial water 
demand is examined. The Food and Beverage Industry has the 
greatest potentially deleterious waste water discharge based 
on BOD. Secondly, alternative policies regarding water 
quality management are studied with respect to their 
applicability to Alberta. Thirdly, it is recommended that an 
examination regarding the implementation of a water quality 


management system based on effluent charges be undertaken. 
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CHAPTER I 


Introduction 


This thesis is an examination of the economics of 
industrial water use Ine AL Der tanweelt ses etocused | on 
theoretical and policy analyses relating to the quantitative 
and qualitative asrfects of this use. The analysis is based 
primarily on an industrial water nee survey Which was 
conducted in Alberta during the spring of IStSoeMuch of the 
thesis iS an examination of the results of this survey. An 
attempt is made in this study to derive a demand model which 
could be utilized for estimating future water requirements 
for the industrial sector in the province. The influence of 
peice sOiesthe -(demand se form qwater leis texamined galongs with 
discussion regarding the possible impact of industrial 
activity on water quality. Alternative abatement policies 
are reviewed and recommendations made with respect . to 
possible water quality policy innovations for Alberta. Areas 


of future research possibilities are also outlined. 


Industrial activity in Alberta has increased 
considerably in the past few years. A measure of such 


activity is the nominal value of. production which has, in 
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the manufacturing sector, increased from AOE Ag-yp ihe Rapti kel Weta 
dollars in e9 Coat Omence Give ce om Di rlaonemdollars 9in 1970. 
Accompanying this increased industrial activity has been an 
increase in the quantity cf apts required by industry fron 
about 106 thousand acre feet to about 253 thousand acre feet 
for the corresponding period. This latter quantity of water 
is about 15 per cent of the total amount of water withdrawn 
by ali users in Alberta with the exclusion of that for 
hydroelectric purroses. Althotgh it would appear that the 
demand for water by industry is small relative to other uses 
in Alberta, the geographic and temporal distribution of this 
use, together with water quality implications, could well be 


Significant. 


A further consideration regarding industrial water 
demand is whether or not there are in fact sufficient 
quantities cL water available to meet current and 
anticipated requirements. In order to analyse Chas 
Situation, the supply-demand relationships are examined on a 
river basin basis. The five major river basins in Alberta 


are illustrated in Figure 1. 


Water, in general, is considered a ccmmon property 
resource. As such, it is often the responsibility of public 
authorities tec monitor its use. To the extent that the use 


of this resource must be monitored, policies based on sound 
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information must be formulated. Since the industrial sector 
is one such user of water in Alberta, the extent and 
implications of this use must be determined along with those 
of all other uses in crder that enlightened pclicy decisions 
be made regarding the utilization of this resource. The 
major policy concerns in Alberta relative to the industrial 
use of water emphasize both the quantitative and qualitative 
issues. The adequacy and flexibility of present legislation 
in dealing with these issues in Alberta, now and in the 
future is of special policy importance and is, therefore, a 


major concern of this thesis. 


oe ae er) era om ae 


The overall objective of this thesis is to examine the 
relevant policy issues in Alberta regarding industrial water 
use. It would appear that conceptually there are two 
distinct but interrelated themes regarding this subject; one 
such theme emphasises the quantitative nature of industrial 
water use while the other is concerned with the quality 


Side. 


The objective regarding the quantitative aspect of 
industrial water demand implies certain sub-objectives.. The 
first of these is to examine the current water demand 
pattern of the industrial sector with reference to specific 


industries and gecgraphic locations. Once these 
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characteristics have been established, it is necessary to 
relate these demands to existing water supplies. This is a 
second sub-objective. The third such objective involves the 
estimation of a demand function fOr industrial. water in 
Alberta. Examination of potential explanatory variables is 
undertaken. Once a satisfactory projection model is derived, 
anticipated future demands are estimated. The final sub- 
objective on the quantitative side of industrial water 
demand is to relate these anticipated levels of industrial 


(and total) water demand to existing supplies. 


fhe examination of the qualitative aspect involved in 
the water use of the industrial sector in Alberta also has a 
number of sub-cbjectives. The first of these is to establish 
which industry discharges the greatest volume of waste-water 
andyto relate this geographically. The volume of ‘discharge 
implies little about the quality of the effluent; therefore, 
the quality of effluent resulting from industrial activity 
is also discussed. A second sub-objective regarding the 
qualitative aspect of industrial water demand in Alberta 
involves an examination of current and proposed policies 
designed. to ccntrol or eliminate water quality deterioration 
resulting from andustrialy aerivaity. “The (policy, which 
economists would tend to favor - effluent charges - is given 
special consideration. The final sub-objective is to suggest 


improvements in the present water quality policies in 
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Alberta where inadequacies are revealed. 


Definition of Terms 


Se ee er ee eee eo See: 


There are humerous overlapping and confusing 
expressions in the literature which refer to industrial 
water UETizatien.! Terms such as water ean water 
requirements, water demand, water withdrawals, water intake, 
and consumptive use of water are often used interchangeably. 
The term water demand is often used to imply specific 
physical quantities of water needed. Such usage obscures the 
economic implication associated with the therm ‘demand’. 
Bower concludes that the "demand for water is similar to the 
demana for any factor “anput  to* an) cindustrval™” production 
process. . . Water intake is equivalent to the economic 
concept of water demand. It is not a fixed, immutable 
figure, but is meaningful only in relation to a uae? of 
factors".,2 The role which water plays in the industrial 


productive prccess could be presented as in Figure 2.3 


tp,eathis “section 9~i1S) sbased) on: EB.) Bower, “Economics or 
Industrial Water Utilization" Water Research ed. A. Kneese 
and=S\ Smith (Baltimore: John Hopkins Press, 1966). 
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Figure 2 


The Role of Water in 
The Productive Process 


Lagoon, spray 
irritation and/or 
under ground disposal 


| 


a 


In Figure 2: 

Intake Water 

Recirculated Water. 

Gross applied for all in-plant uses. 

Waste water discharge from the productive 

process. 

Consumptive use or net depletion of ‘water = 

Lae eD? Corea c fan tea where C zs 

consumptive use in the production process, 

C = consumptive use in the waste water 

disposal system, and C = consumptive use 

in the recirculation process. 

E= Final effluent from the production unit 
(available for reuse). Where a lagoon or 
spray irrigation system is involved, it 
consists of lagoon outflow seepage, and/or 
SUpTACe LunOLry Lh avy. 

We= Waste load in the final effluent, pounds of 
BOD. : 

Wp= Waste load in the waste water discharge, 
for example, pounds of BOD. 

Degree of recirculation = R/Gx100. 
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The degree of recirculation is essentially the share of the 
gross water applied that is procured from recirculated water 
and may have a value ranging from zero to Snel Nees WOR 
100 per cent. Therefore, as used in this thesis the terms 
referring to industrial water demand imply water entering 


the productive process as intake water. 


A major input into this thesis is the industrial. water 
use survey conducted in early 1973 under the auspices of the 
Alberta Department of the Environment.* Two types of 


ere ee ae ae ee ee 


femioces Appendicesssl i lesand asl VeandsChaptersiT#fory further 
information on the survey. 
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9 
questionnaire were used. One had a very generalized format 
asking the entrepreneur to state the quantity of water 
intake for his firm in 1972. This questionnaire was sent to 
Small water users. The other questionnaire was more detailed 
in the sense that it solicited information regarding the 
source, use, recirculaticn, and treatment of the water used 
by each respective large water demanding firm. The results 
of this survey are presented in Appendix VIII and discussed 
throughout the thesis. In order to present the results of 
the survey, cn a micro level, the industrial sector of the 
province was disaggregated according to the latest Standard 
Industrial Classification (see Appendix I). The results are 
presented at the Division (one-digit) level, the Major Group 
(two-digit) level, and in some cases the Subgroup (three- 


digit) level. 


Another tool employed in this thesis is the least 
Squares regression technique. This tool is used to estimate, 
over time, the relationship between water demand in physical 
terms (dependent variable) by the nececeive industries and 
the real value of production (independent variable). The 
study period is 1968 to 1972 inclusively. The value of 
production figures are deflated to constant (1961) dollars 
for comparative purposes. The result of the regression 
analysis is that an estimated demand function for water by 


industry is derived. The slope coefficient is essentially the 
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10 
marginal water coefficient (additional acre-feet of water 
required per additional thousand dollars of production) 
which is compared with the average water coefficient. fhe 
purposeProL this “comparison Vs'*vo hdétermine?if; \in ‘fact; “the 
quantity of water required fer unit of output is increasing 
or decreasing over time, implying water-using or water~ 
saving technological changes respectively. 


Data 


The data base for this study is essentially primary in 
nature. Information regarding the water demand pattern of 
the industrial neetor in Alberta was obtained from the 
survey recently conducted by the Department cf Environment. 
Secondary data are used in ne derivation of the water 
coefficients,5 as well as in the dilecassuen of the water 
quality implications resulting £LrGmreVactivity ein’ the 


industrial sector in Alberta, © 


There are a number of constraints under which this 
thesis is written. One of these is the possible inaccuracy 


of the results of the survey. Any research which is based on 


5. Dominion Bureau of Statistics, Manufacturing Industries 
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11 
primary data is constrained by potential inaccuracies in the 
data. Another limitation is the result of the necessary 
level of aggregation. For example, this research would have 
been enhanced if it had been possible to obtain value of 
production data for Seek individual firm. This would have 
improved the results of the regression analysis. However, 
aggregation to the two-digit level was necessary due to 
rules of anit fren and thus severely hampered the 


derivation of usable marginal water coefficients. 


In spite of the above difficulties and the apparent 
insignificance of industrial water demand relative to total 
water demand, study of industrial water demand in Alberta is 
relevant. This thesis is focused on the key issues 
surrounding industrial water demand in this province and as 
such is designed to enable the water resource planner to 
Make more enlightened policy decisions in the future. It is 


a first approximation; much further research is required. 


The format of. this thesis basically follows the 
seguence outlined in the discussion regarding objectives. 
Chapter Il isa Summary of the results of the industrial 
water use survey. Chapter III first examines current levels 
of industrial (and total) water use relative to existing 


supplies .and, secondly, attempts to derive a demand model 
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1} 
and project the requirements for ee by the industrial 
sector in Alkerta to 1980. These anticipated demands, along 
with those of all cther water users in the province, are 
related to existing supplies. Chapter IV discusses the water 
quality, implications” of industrial “activity “in.Alberta, 
while Chapter V summarizes the study and puts forward 
suggestions for policy changes, as well as potential areas 


of future research pertinent to industrial water issues in 


Alberta. 


Chapter If 


Survey Results and 


Analysis 


General 


The. survey upon which this thesis is based originated 
with the Alberta Department of the Environment. The purpose 
of the survey was to update existing informaticn regarding 
water use by the industrial sector in order that more 
enlightened pclicy decisicns could be made in this area. To 
this end, a guestionnaire system was designed to glean the 
necessary information from the industries thenselves 


regarding their use of water. 


All industries in the peyanes are categorized 
according to the nost recent Standard Industrial 
Classification Code. The complete coding system is displuyed 
in Appendix I. This thesis is concerned only with those 
firms engaged in mining and manufacturing. These firms 
encompass the overwhelming bulk of industrial activity in 


Alberta. 


As stated above, a questionnaire system was used to 
obtain data regarding industrial water use in Alberta. This 
system was supported by a letter drafted by the Minister of 
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the Environment (See Appendix aT F)as Two types of 
questicnnaires were used. One questionnaire, found in 
Appendix III, was designed for use by known small water 
users and Simply solicited information with respect to the 
range of gallons the respective firms used in 1972. The 
purpose of this generalized questionnaire was to ensure that 
even the users of insignificant volumes of water were 
included in the study. In the case where a firm receiving 
this guestionnaire withdrew more than one million gallons of 
water in 1972, that firm was given a larger, more detailed 


questicnnaire. 


The detailed questicnnaire, presented in Appendix IV, 
was sent to establishments which were considered to be large 
users of water based on a similar survey conducted in 1967. 
This latter survey was found to be incomplete due to poor 
response. It did, however, provide a basis for the design of 
the current one with which this study is concerned, and led 


to the formulation of the detailed questionnaire. 


The latter questionnaire “was designed in such a way 
that information regarding not only intake volumes but the 
source, use, extent of recirculation, treatment, and volume 
of discharge was forthcoming. In the event that a firm 
failed to or was unable tc provide the required information, 


three alternatives were available. Pivot ly ped Leen 
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establishment obtained water from some municipal system, the 
latter was generally able tc supply at least the data on the 
volume of intake. Secondly, if data were available from the 
1967 survey, they were used, and thirdly, where either of 
the first two alternatives did not apply, it was igcbeaes 
that the water use patterns for such firms were not unlike 
those of the same industry for which data were available, 
and informaticn was imputed on this basis. It must be 
pointed out, however, that in the case of the larger 
questicnnaire, 90 per cent of those sent out were returned 
and. usable; for the smaller questionnaire, the usable 
portion was approximately 63 per cent. This means that data 
were obtained from secondary sources or imputed in only i0 
percent and 37 per cent of the cases respectively. Data 

regarding water use by the crude oil industry were obtained 
from secondary sources!. These data are published up to 1971 
and pertain to activity at the “fiela" level rather than for 
individual wells. Therefore, ° the data presented in 
subsequent sections is that for all firms in the respective 
industries and should present the total picture of 


industrial water use in Alberta. 
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ENGdUStRialeRactivity  chpthetscrtywithewhicnh this study 
is concerned is spread almost entirely throughtout the 
province. Each firm was coded with respect to its geographic 
location along with data pertaining to:.its water use 
pattern. Table 1 shows the distribution of firms in both the 
Mining and Manufacturing Divisions as it occurs on an urban 
basis. The geographic arrangement of two- and three-digit 


industries is presented in Tables VIII-1 to VIII-6. 


TABLE 1 


Industrial Location: Seven 
Urban Centers, Other: 
Albexzta, A922 
(number of Firms) 


Division 
Location Hines, etc. Manufacturing Total 
Edmontcn | 100 103 
Calgary 10 102 112 
Lethbridge 35 the) 
Medicine Hat 19 19 
Grande Prairie 1 12 5 Be 
Peace River 2 2 
Red Deer : 20 20 
Other 138 93 231 


TOTAL ote 383 535 
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From Table 1 it is apparent that mest of the industrial 
activity in terms of the numbers of firms occurs in urban 
centers. This should imply that most of the water used by 
industry in™~Alberta is supplied by municipal systems. 
However, before one can arrive at such a conclusicn, the 
amount of water used per firm must be known; then one can 
address the subject of private versus public supply of water 
fOr. Industry. in the province. Thts,,1s done in aslater 
section. It should be mentioned here that "other" in Table 1 
refers to firms in other urban centers as well as rural 


areas in Alberta. 


Water resource planners are interested not only in 
industrial water use in punctiform space, but also on a nore 
aggregative regional basis. For this reason, data are 
presented on a river khasin basis. Table 2 reveals the 
diste tution. CL InGustlysas «it. —OCCUDS «in Ethie tives) BajoL 


Liver basins in alberta, for the two davisions. 


fable 2 reveals that the firms in the Mines Division 
are distributed quite evenly among the five river basins 
while the same is nct true for the Manufacturing Division. 
The North and South Saskatchewan River basins appear to 
SUPpPOLtL the Sa jClicy Of the fanuLaccuring aCtiVvVity in the 


province. One can observe from Table 1 that the large urban 
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TABLE 2 


Industrial Location: Five 
River Basins, Alberta, 1972 
{number of firms) 


Division 

River Basin Mines, etc Manufacturing fetal 
Peace 18 20 38 
Athabasca ae 2 29 
North Saskatchewan 30 140 175 

Red Deer oh 31 62 
South Saskatchewan 44 190 231 

TOTAL 152 Sie S35 

centers in the two respective basins influence this 


distribution. That is, Calgary, Lethbridge, and Medicine Hat 
accountwecollcctively ptoOtre!|9 out. of ithe totals 137 (firms, an 
the South Saskatchewan River basin while Edmonton in the 
North Saskatchewan River basin houses 82 of the 107 firms. 
The balance of firms in these river basins are located in 


smaller urban centers and in the surrounding hinterland. 


Industries operating in Alberta during A972 
collectively had an intake of approximately 270 thousand 
acre-feet. Table 3 shows the distribution of water intake by 


the major twordigit industries. For a complete tabulation of 
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19 
all two- and three-digit industries and their water intake, 


see Tables VIII-7 to VIII-12. 


TABLE 3 


Water Intake By 
Major Two-Digit Industries: 
Piberta, 1972 
("000 acre-feet) 1 


Industry Intake % of Total 
Intake 
Mineral Fuels 101 37 
Chemical 71 26 
Petroleum and Caal 3 he 
Paper 31 if 
Food and Beverage 22 g 
Others 12 5 
TOTAL ZO 4100 


From Table 3 it appears that the industry with the 
largest volume of water intake in 1972 was Mineral Fuels. It 
Should be noted here that the Petroleum Industry contains 
those firms engaged in petrcleum refining while those in 
Mineral Fuels Industry extract the raw product from the 
earth. The Mineral Fuels group has been disaggregated into 


its component three-digit subgroups. These are shown in 
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Table 4. 
TABLE 4 
Water Intake By Mineral Fuel 
Three-Digit Industries: 
Alberta, 1972 
("000° acre-feet) 
Industry Intake Bao total 
Intake 
Coal 2 iz 
Natural Gas 42 | 
O31 57 57 
TOTAL 101 100 


The locaticn of firms dictates to a large extent their 
source of pears water. Essentially all establishments in 
the Mineral Fuels group are located in rural areas implying 
a self-supply system of water. For this group, nearly all 
water is obtained from surface sources. About half of this 
water is taken from the Athabasca River basin while about 
one quarter is obtained from the North Saskatchewan River 
basin. Most of water used in the Oil Extraction subset of 


this group is drawn from the latter basin. 


Nearly all the water withdrawn by the Chemical Industry 


is taken from the South Saskatchewan River basin. However, 
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24 
an interesting phencmencn presents itself. Although nearly 
all the firms in this industry are located in urban centers, 
they obtain only about 4 per cent of their water from the 
respective municipal systems. Most of the water intake by 
this grcwp occurs in Calgary, the major source being private 


ground water systems. 


As with the Chemical Industry, most of the intake water 
for the Petroleum Industry is from the South Saskatchewan 
River basin. Also, most of the water taken into the various 
plants has as its source surface water even though nost 
firms are located in the urban centres. Although there are 
more Petroleum and Chemical firms in Edmonton then Calaqary 
vast water vyithdrawls cf «two firms..in the latter city 


account for apparent discrepancy. 


Firms in the Paper and Allied Industries are located 
almost exclusively in the Athabasca River basin. They are 
established in primarily non-urban areas and oktain nearly 


all of their intake water from surface sources. 


The Food and k&everage Industry is second largest in 
terms of the number of firms (the Mineral Fuels Industry is 
first) but as f3fth according? to waterjintake. The South 
Saskatchewan River basin appears to contain the majority of 
firms engaged in production of this type. Firms in this 


région account for nearly 70 per cent of the intake water 
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pays 
for the industry. Over 60 per cent of the water for this 


industry is provided by municipal systems. 


Table 2 presented the distribution of industries on a 
river basin basis. Since water intake varies considerably 
among industries, it is interesting to note the distribution 
of the quantities of industrial water intake based on river 
basins. Table 5 is such a presentation. Water intake by 
andivadual, industries according to river basins is shown. in 


dableseviti=i0sandsVidi= 12. 


TABLE 5 


Industrial Water Intake: 
Five River Basins 
Alberta, 1972 
("000 acre-feet) 


River Basin Intake * fOfetotal 
Intake 
Peace 11 uy 
Athabasca 78 29 
North Saskatchewan 68 25 
Red Deer 8 . 3 
South Saskatchewan 105 39 
TOTAL 270 100 


From Table 5) Tt would appear that the South 
Saskatchewan, Athabasca, and North Saskatchewan River basins 


respectively are the ‘important ones based on industrial 
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23 
water intake. This order differs significantly frome thateort 


Table 2 based simply cn the numbers of firms. 


The source of the industrial water supply is important 
to clarify. This is attempted in Table 6 which shows, again 
on a river basin basis, the quantity of water taken from 
surface, ground, and municipal sources respectively. These 
data are disaggregated by industry and presented in fables 


WITT SNS ACOs LIT anor 


TABLE 6 
Industrial Water Intake 
By Source: Fine River Basins. 
Aibperta;, t972. 
("000 acre~feet) 
Hater Source 


River Basin Surface Ground Municipal Total 


Peace 8 3 1 ‘A 
Athabasca vy 1 3 ta 
North Saskatchewan 48 D 12 65 
Red Deer 5 Z 1 8 
South Saskatchewan ei 54 14 105 


ORAL hoa 65 33 267 


The total values in Table 6 do not match those of Table 
5 due to rounding; however, Table 6 does reveal that only 12 


per cent of all water intake -by industry in Alberta is 
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Supplied through public systems. The sere cima 88 per cert 
is provided privately; these are essentially pumping systems 
which take water from either surface or underground sources 
and make it available tc the productive process. The firm 
must therefore bear all the costs cf acquiring water in such 


Cases. 


The firms presented in Table 3 as being the ones with 
largest water withdrawals in Alberta during 1972 accounted 
collectively fer 95 per cent of all industrial water intake. 
It would be interesting at this point to note those firms 


which experience the highest degree of recirculation. 


Industrial Weter 
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In 1972, industries in Alberta recirculated a volume of 
water slightly greater than ope million acre-feet. Thas 
would amply that, across ali industries, each acre-foot 
drawn jnto the plant was, on the average, recirculated four 
times before being discharged. However, not all industries 
recirculate water to the same extent. Those two-digit 
industries which accounted for the majority of recirculation 


are shcwn in Table 7. 


It is interesting tc note the ranking of the important 
water recirculating industries relative to that of water 


intake. The Mineral Fuels and Chemical industries maintain 
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TABLE 7 


Water Recirculation By. 
Major Two-Digit Industries 
Alberta, 1972 
("000 acre-feet) 


Industry Recirculation % Of Total 
Recirculation 
fiineral Fuels 479 U6 
Chemical Se 34 
Primary Metals 104 10 
Petroleum and Coal 62 6 
Food & Beverages 31 2 
Paper 8 1 
Other 7 7 


TOTAL 1043 100 


their position, but the Primary Metal industry with an 
intake of only 45 hundred acre-feet surpasses the Petroleun 
and Coal Industry in terms of water recirculation. Also note 
that «the | Paper, and*.Allied..Industries, and ,the Foodsand 
Beas Industry switch positions in the rank of water 
recirculating industries. It would appear, however, that 
there is some relationship between the volumes of water 
withdrawn and recirculated by industry. Complete data 
regarding the amount of water recirculated by all two- and 
three- digit industries in Alberta during 1972 are presented 
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Since the amcunt of recirculation varies from industry 
to industry and even from plant to plant, so does the 
relationship between the volume recirculated and the gross 
water applied to the productive process. Recall that gross 
water applied was defined as the summation of the intake and 
recirculated quantities of water. That proportion of gross 
water applied that is obtained by recirculation is given by 
the degree of recirculation. This value is usually expressed 
as a percentage. Approximately 80 per cent of the gross 
water applied by all industries is ckrtained fron 
recirculation. Table 8 shows those two-digit industries 
having the highest degree of recirculation. This information 
POrea Viet NduStries 1sSedisplayeduiuse laulesy VilI—73 torr yili— 
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It “would appear: from Table 8 “that. there’ is) no?close 
relationship between either the volume of intake or 
recirculation and the degree of recirculation in terms of 


the ranking of the top twc-digit water-using industries. 


Locationally, most of the recirculation of water takes 
place in the North Saskatchewan River basin. This is due 
primarily to the large volume of water: (301 acre-feet) that 
is recirculated in the Chemical Industry in that region. 


Although the Mineral Fuels Industry recirculates the most 
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TABLE 8 


Two-Digit Industries Having 
The Highest Degree of Water 
Recirculation: 
BLoGiCa, 119d 2 
(per cent) 


Industry Degree of Recirculation 
Primary Neals 96 
Metal Fabricating 94 
Wood 85 
Chemicals Gs 
Mineral Fuels 83 
Petroleum and Coal 65 
Food and Beverages 58 


process water, it takes place on an evenly distributed basis 
across the prcvince. The city which experiences the greatest 
amount of recirculation is Edmonton, due again to the 


existence of the Chemical Industry. 


The gecgraphic decane. of the degree of 
recirculation is also interesting. On a river basin basis, 
industries in the Red Deer River basin have the highest 
degree of recirculation. The existance of nearly one-quarter 
of the firms engaged in Mineral Fuel extraction in this 
basin and the fairly high degree of recirculation in this 


GroupwconcLiputeesigiacicantLy to this, fect. sins termseror 
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urban centers, industries located in Edmonton have 
collectively the highest degree cf recirculation, followed 


by those in the city of Medicine Hat. 


After water has passed through the industrial 
productive precess it is discharged. One would hypothesise 
that the voiume of water discharged from a plant would be 
closely related to the volume of intake. If this hypcecthesis 
does not hold and the industrial heirarchy based on the 
volume of water discharged is different fron that 
established by the intake volume, then one would have to 
analyze the ccnsumptive use patterns of the relevant 
industries. This is undertaken ina further section. fhe 
first step is an examination of the water discharge pattern 
for industry in the province. 


Water Discharge bysthe Industrial -s 
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In 1972, nearly 175 thousand acre-feet of waste water 
were discharged by industry in Alberta. Table 9 shows which 
two-digit industries accounted for the majority of this 
discharge. Waste water discharge data for all industries are 
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industries on the basis of waste water discharge. Except for 


the Mineral Fuels-Industry, all others have their same 
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TABLE 9 


Two-Digit Industries Having 
the Greatest Waste Water 
Discharge Volumes 
Alberta, 1972 
("000 acre-feet) 


Industry Discharge e Of Total 

Discharge 
Chenical 66 38 
Petroleum and Coal SPL 18 
Paper 27 15 
Nineral Fuels 24 14 
Food and Beverages Zz A 
Other 6 3 
TOTAL 14S 100 


relative position as in Table 3 based on intake volume. For 
nearly all industries in Table 9, the quantity cf waste 
water discharge is greater than 90 per cent of the volume of 
intake. The Mineral Fuels Industry is an exception mainly 
due to the near zero discharge in the Oil Extraction subset 
Ghee enis Aen For the Mineral Fuels Industry, the volume 
discharged is only 24 per cent of that withdrawn. This 
implies that the latter industry is a large consumptive user 
of water; reasons for this will be made explicit ina 


further secticn. 
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The geographic distribution of waste water discharge 
follows» "fairly ‘closely ts that!) of"*8intakes Ona river®*basin 
basis, the South Saskatchewan River basin receives mest of 
the waste water discharge, and that mainly from the Chemical 
Industry. The Athabasca River basin accepts the next largest 
volume of discharge, attributable to the Paper and Allied 
Industries grcup. The Chemical Industry based in Calgary 
contributes to that city having the largest volume of 
industrial waste water discharge of any city in the 


province. 
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That indystries today must be conscious of public 
sentiment regarding water pollution iS apparent. To the 
extent that industries are responsive to these feelings, the 
treatment of waste water is conducted. Government 
legislation sets down limits regarding the content of sewage 
effluent and has, via the Clean Water Act, the power to stop 
the operation of any plant not’ functioning within these 


guidelines. 


Approximately 40 per cent of the waste. water was 
treated, either chemically or otherwise, to improve its 
condition before being discharged from the respective plants 


in’ 1972 in Alberta. Scme of the remaining 60 per cent 
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receives municipal treatment. The Paper and Allied 
Industries group collectively treated the most sewage. For 
this group, approximately 26 thousand acre-feet of discharge 
were treated, amounting tc nearly 97 per cent of total waste 
water discharged by that group. Table 10 displays the major 
two-digit industries in terms of waste water treatment. 
These data for all two- and three-digit industries are shown 


in Tables VIII-31 to VIII-34. 


TABLE 10 


Two-Digit Industries Treating 
The Greatest Volumes of 
Waste-Water 
Alberta, 1972 
(*000 acre-feet) 


Industry Treatment eo TOcad 
Treatment 
Paper 26 si 
Mineral Fuels 14 20 
Petroleum and Coal 12 18 
Food and Beverages 10 14 
Chemical 5 44 
Others Sa 4 
TOTAL 70 100 


Since the Athabasca River basin contains the majority 
OLeec tenses | the Pdper anduAllied industries group, that 


river basin experiences the greatest amount of waste water 


32 
treatment. Also, this group is not an urban-centred industry 
and as a result, the effluent must be treated by the 
industry itself. If, on the other hand, it were possible to 
pass this sewage to a municipal rae eat the industry would 
be relieved of nuch of is effluent treatment 
responsibilities. The Petroleum Industry in Calgary treated 
more waste water before discharge than did any other 


industry in any other city. 


Consunptive Use: 


The quantity cf water consumptively used in the 
industrial precess is essentially the difference between the 
intake volume and that of discharge. The consumptive use of 
water varies widely between industries and even Letween 
plants in the same industry, the latter difference being a 


reflection of contrasting technology. 


The two-digit einen which consumptively uses nore 
water than any cther is that of Mineral Fuels. This is 
apparent from Tables 3 and 9. For convenience, Table 11 is 
derived showing the consunptive use of the major water-using 
two-digit industries in Alberta. These data for all two- and 
three- digit industries are presented in Tables VIII-35 to 


VilI-38. 
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TABLE 11 


Consumptive Use of Water 
By Major Two-Digit Industries 
Atberta y= 1972 
(£000 acre-feet) 


Industry Consumptive Use & of Total 
Consumptive Use 

Mineral Fuels 77 82 
Chemicals 5 is) 
Paper u 4 
Petroleun Z & 
Primary Metals iz 2 
Food and Beverages 2 1 
Others 5 3 

TOTAL 95 100 


Since the Mineral Fuels Industry ovtweighs all others 
in terms of the consumptive use cf water, it would be 
interesting to show which three-digit industry or industries 
of this group is responsiktle. Table 12 is a breakdown of the 
Mineral Fuels Industry into its three-digit components 


showing their respective consumptive water use patterns. 
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TABLE 12 


Consumptive Use of Water 
By the Three-Digit Mineral 
Fuels Industries: 

AL berta, 6197 2 
(*'000 acre-feet) 


Industry Consumptive Use & of Total 
Consumptive Use 


Coal 1 1 
Natural Gas 19 Zo 
OU: Si 74 

TOTAL ah 100 


It is evident from Table 12 that the Oil Extraction 
Tnhdustry, 1s the most significant contributor to the Minerad 
Fuels Industry having the position of largest consunptive 
user cf water in Alberta at the present time. It could be 
argued that this use of water is a form of storage for 
future uSe. At any rate, estimates of future water 
requirements must involve discussion regarding potential 


technological changes and their impact on water use. 


The river basin which has the largest absolute 
consumptive use cf water by industry is the North 
Saskatchewan River basin. Most of the consumptive use of 


water by all industries except the Paper and Allied 
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35 
industries occurs “in this basin. The Athabasca River basin 


follows next. 


The Chemical Industry of Edmonton gives that city the 
distinction of having the highest industrial consumptive use 
of water in the province. The Petroleum Industry is also a 


SLOG. acante Ccntr putorarco anise tact, 


Ce ee Sees Selebreapun siaeo apne seen seapcaaree p— oad 


The Mineral Fuels Industry is by far the largest 
industrial user of water in Alberta at the present time in 
terms cf both intake and ccnsumptive use. More specifically, 
fhe Osistxtraction subset of this group is the largest 
three-digit water user, with nearly Sill) thousand acre-feet of 
intake and essentially zero discharge. On a percentage 
basis, this latter industry withdraws approximately 20 per 
cent of the total withdrawals, and consumes nearly 60 per 


cent of the tctal consumption of water by industry. 


Nearly 40 per cent of the water withdrawals for 
industrial purposes occurs in the South Saskatchewan River 
basin. Water use by the Petroleum and Chemical Industries 
contribute significantly to thas Situation. Most of the 
water used by industry is obtained from non-public sources, 
those being primarily private wells in this region. It is 


interesting to note that cnly 12 per cent of the water 
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intake by industry across the province is obtained fron 
Diol cay Sources. | Thises si cee. keLy | to have implications 
regarding the role which the price of water plays in 
determining the guantity of water demanded by industry as a 


whole. 


Water recirculation was found to be the major source of 
gross water applied in most industries. The degree of 
recirculation was highest in the Primary Metals and Metal 
Fabricating industries. These industries have heat- 
generating precesses which require cooling. For this reason 
vast amounts Sravaror are used for cooling; since high water 
quality is not significant for this use, it can be used 


repeatedly. 


It is reasonably safe to ve ene that, since the vast 
majority of water used in industry was obtained from private 
sources, industries themselves are responsible for what 
happens to the discharge and hence for the treatment of 
waste water. Just under half of the industrial waste water 
is treated privately prior to discharge. Treatment of waste 
water iS industry~specific; that is, certain industries 


Gischarge waste water that is more deleterious than others. 


The large: quantities of water which are consumptively 
used by the Oil Extraction Industry must be viewed from two 


separate planes. On one hand, vast quantities of water are 
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accumulatively withdrawn by this industry from future use. 
This wculd have an impact cn the production functions of 
other users of water if it were to decrease the availability 
of water to cther uses and users. On the other hand, when 
this quantity of water is witheld from subsequent use, 
possible detrimental affects from its being unclean are 
absent. However, this latter arguement is less significant 
in light of recent governmental legislaticn aimed at 


cleaning up waste water at its source. 


Tie wsaASSULance w.Ote iscutficagent esupplies aeof iwater Wuis 
important to industry. Equally important is the state in 
which industry leaves the water once it has been used. Any 
discussion, therefore, regarding industrial water use must 
necessarily be both quantitative and qualitative in nature. 
For thas..neason, Chapter 1IT is anvattempt to relate current 
Supplies to current demands for water by industry in the 
province as well as to relate this supply to demands by 
industry over time. Quality aspects relating to industrial 


water use are discussed in Chapter IV. 
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Chaplereiit 


Current and Projected Industrial 
Water Demand: Its Relaticn to 


Supplies of Water in Alberta. 


introduction 


On the basis of the survey analysis reported in Chapter 
If, the demand for water by industry in Alberta durang 1972 
was calculated at approximately 270 thousand acre-feet. The 
geographic distributicn of this demand was also examined on 
a river basin basis. The relation of industrial water demand 
together with the demand of all other uses to the existing 
supplies of water is of paramount importance. The purpose of 
the following section, therefore, is to relate the current 
demand for water in all uses to the existing supplies. The 
demand for water in this section does not include water for 
recreational and environmental uses. Further, no attempt is 
made to examine water demand from a seashiel or sub-basin 
approach. “the demand for water is assumed to be homogeneous 
over time and across the respective river basins. Subsequent 
research should relax these simplifying assumptions in order 
to provide better estimates of water demand. The supplies of 
water are those measured by hydrometric stations at selected 
points along the river. In most cases, these flows are not 
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So 
natural but are modified by control structures; the result 
is that potential shortages of water tc some degree have 
already been anticipated. Also, no consideration is given to 
obligations for the province regarding delivery of water to 
downstream previnces. No consideration is given to return 
flows which are considerable in most industries, and in the 
dgpacultura} —cectorlin Ji wetl. years, Furthermore, because © 
there is a considerable degree of interaction between 
surface and ground water, it is also assumed that surface 
flows are necessary tc generate ground water availabilty. 
For example, most cf the water obtained from ground water 
sources in the Calgary area is pumped frcem gravel beds 
adjacent to the river. These assumptions regarding the 
supply of water in Alberta should also be examined closely 


in subsequent research. 


Not only is the current situation with regard to water 
demand and supply cf importance, but future demand in 
relaticn to supply should also be examined. There are 
various methodologies in the literature sfitlsin have been used 
to eeeima te future water demand by industry; a discussion of 
these approaches in light of their applicability in Alberta 
is undertaken. Subsequent to this discussion, projection of 
industrial water demand is made based on the most 
appropriate methcdology. This future industrial demand for 


water is then related to supplies so that possible areas of 
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conflict and policy ccncern may be noted. 


Current Indu ustrial Water 


<—_ 2D em 7 ~ 


Supplies 


Nearly 80 per cent of the water withdrawn for 
industrial purposes in Alberta during 1972 was supplied by 
surface sources, primarily rivers. Due to ice formations, 
the winter is a critical time with respect te surface water 
availability. Therefore, if there are sufficient supplies to 
meet the demand for water during ns period, the 


possibility of water shortages is minimized. 


One method of depicting the flow characteristics of a 
river cver time is by means of a frequency-discharge curve. 
This curve is the locus cf points showing the percentage of 
the tine Aaeeing the year which a given volume of flow 
(measured in cubic feet per second) can be expected to be 
equalled or exceeded. The fregquency~discharge curves 
generated for this study are based on about 50 years of 
datai and are presented, for the five river basins in 


Alberta, in Figures 3 through 7. 


One way in which to relate the demand for water-~here 


were ee 


1. Water Survey of Canada. Historical Streamflow Summary, 
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Alberta to 1970. (Ottawa: Department of the Envircnment, 
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46 
assumed to be industrial water intake--to existing supplies 
is to determine the rate cf flow of water required to meet 
that demand and then to compare this rate with that of the 
stream. The industrial intake volumes for the respective 


Liver basins are “converted to rates “of” flow2° and “are 


presented in fTable 13. The rates of flow required to meet 


Table 13 


Rate of Flow Required 
To Meet Industrial Water 
Demands: Five River Basins 

Alyertayer1rs72: 

(cubic feet per second) 


River Basin Rate of Flow 
Peace 15 
Athabasca 107 
North Saskatchewan 93 
Red Deer 11 


South Saskatchewan 145 


the demand for water by industry appear small in Table 13 
relative to the flows shown in Figures 3 through 7. Since 
industrial water demand is small relative to total demand, 
meaningful demand-supply relaticnships must necessarily 
include the use of water bys all®Pusers? Tne Alberta en Total 
demand, on a river basin basis, is estimated by utilizing 
the following crude, but not unrealistic, assumptions: (1) 


nme te tee eens ne ee es ee 


2. The rate cf flow is ccnverted to an annual volume by the 
conversion formula: 1 cubic foot per second = 724 acre-feet 
per year. . 
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47 
gbleewater “used for irrigation purposessis specific to the 
South Saskatchewan River basin. The consumptive use by this 
sector ranges frem about 0.2 to 1.3 million acre-feet per 
year (a value of 1.3 million acre-feet per year in used 
here)3; (2) in the South Saskatchewan River basin 
approximately 50,000 acre-feet of water are required 
annually for municipal purposes; and (3) total water demand 
in the Peace, Athabasca, North Saskatchewan, and Red Deer 
River Easins cculd be estimated by adding 10%, 1%, 50%, and 
20% respectively to the industrial water demand of each 
Yiver basin. The rates of eikog of water required to meet 
these total water demand estimates are presented in Table 


14. 


A compariscn of Table 14 with Figures 3 through 7 
reveals potential shortage problens si 1 the South 
Saskatchewan River basin. Regarding the peak demand 
Situation for water for irrigation purposes (at 1.3 million 
acre-feet per year), it would appear that about 85% of the 
time, flows are adequate to meet total water demand. The 
demand forirrigation water is presumably greatest when the 
SUppLYmtS es the s otlallect,. «that los weineOny Veyears., Cloce 
monitoring of water demand-supply relationships in the South 
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3. sntormaticn. Files? Water Resources Division. Alberta 
Department of the Environment. 
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Saskatchewan River basin is required. However, the 


Table 14 


Rate of Flow Required 
To Meet the Water 
Demand of All Uses: 
Five River Basins 
MUDeiCd . ote. 
(cubic feet per second) 


River Basin Rate of Ficw 
Peace 17 
Athabasca 108 
North Saskatchewan 140 
Red Deer 13 
South Saskatchewan 2010 


industrial sector in this basin should have an adeguate 
water supply since, in most cases, firms in this sector are 


located upstream cf irrigated farmland. 


Lt) ewould’ rappearfeoverall® )that’}there,,are,at» present 
adequate supplies cf water to meet the demand of industry in 
the province. In most cases, the industrial demand for water 
is small relative to available supplies, although season 
fluctuations in both water demand and supply have not been 
analysed. The inclusicn of the water demand for all uses 
would suggest potential water shortages in the South 
Saskatchewan River basin. That industrial water demand 
relative to the supply is insignificant today, does not 
necessarily imply the same will be true in subsequent years. 


Therefore, estimates of anticipated levels of industrial 


ioe 
ossiipabe ab oved “tilveda Atekd eBtt at ‘zed 9e8 oi aatteg 


o 26 ‘dhbuet nid? et 60089) eenes Jaca al voonte ¢qqua. 36288 7 
-Btieghae? botegtats to wamatage Germo0L 


Slee de aan tad Fate Tierero. seats isnes “G77"" + 
o,. iadtiun on se 
saad cg canass iubediiel be <tond> Seok ot -satteiq et — 
Sion ris , eaibcapn’ oftetiays st #obvaled Haw RE 
Fis ia aluis cheie eh Abad Shoe otic nt adedbonieeka Une 
ieee Bie 20% Sackyh: Gavel wt Yo erzacboot ott seaqions 
diab “Gar (nd “Saderca8k ahtee Lot-aetey “Seepqen “Binow - 
ee ee 


ot ydeque oF a ae 


4g 
water demand are required. There are various techniques 
which have been used to accomplish this task; they are 
outlined in the following section along with discussion 


regarding the practicality of their use in Alberta. 
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The approaches to industrial water demand forecasting 
that will be considered are: (1) the extrapolation of 
existing trends; {2) the use of input demand functions based 
upon neoclassical producticn theory; (3) the (average and 
marginal) fixed coefficients approach measuring direct 
effects only; (4) input-cutput analysis; and (5) linear 
programming. The latter three approaches, it will be seen, 
are conceptually related in that they are variants of 
methods based on the assumption of linear production 


technology. 


Extrapolation of Existing Trends’ 


The most Simple technigue for estimating the level of 
future demand for water by industry is mere extrapolation of 
existing trends. Although this technique is not particularly 
elaborate, it does lend itself to the task at hand in the 


sense that future requirements for water by the industrial 
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50 
sector are assumed to follow Similar trends to those in the 


past. 


The extrapolation procedure can be made somewhat more 
sophisticated by utilizing a weighted moving average 
procedure. In this case, the observations are weighted in 
favor of the mere recent (and probably more pertinent) ones. 
Assuming. four data points existed, the fifth could be 


estimated as follows:¢4 


HDS = WD* + (4WD* =~ 3WD3 - WD!) /6 

where: WDS = the projected water demand in period 5 
WD* = the cbserved water demand in period 4 
WD3 = the observed water demand in period 3 
WD! = the observed water demand in period 1. 


Another approach to forecasting the demand for water by 


industry could be the derivaticn of a demand function for 


water by industry based on neoclassical production theory. 


The Water Demand Functions: Neoclassical Production Theory 


The demand for water, in an industrial context, is 
essentially a derived demand. That is, water is demanded by 
industry as an input to be used in the production of some 
final commodity. Using the conventional assumptions of 


neoclassical preduction theory (perfect competition, profit- 
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&W,. For the derivation of this formula, see Appendix VI. 
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54 
maximizing behaviour, smooth isoqguants implying input 
substitutability, and sec cn), the derived demand for water 
can be determined as a function of its own price, the price 
oftaotherjginputsy-vandsathe utes of the final commodity. § 
Accordingato thisymodel, Wa'changet®in 'the*ptice of water 
implies a change in the quantity of water demanded by 
industry while a change in either the price of the other 
inputs or the price of the final commodity is followed by a 
change in the demand for water. The responsiveness of the 
change in the quantity of water demanded to a change in its 
price is denoted as the price elasticity of demand. If there 
is little response to a change in the price of water, the 
demand functicn is terwed inelastic while a relatively large 
change in the quantity of water demanded resulting from a 


change in its price reflects on elastic demand function. 


There are certain prcblems inherent in the application 
of necclassical, production’ theory.) toe andustrial water 
demand. The major concern centers on the price of water 
variable in the industrial water demand function. It was 
established in Chapter II that nearly 90 per cent of the 
Waten Giwithdrawnm) byis industry. in 1972 in this province is 
privately supplied; that is, water in most cases is not 
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52 
purchased in a market aS are other inputs in the productive 
process. AS a result, the self-supply of water does not 
allow the market mechanism to function effectively in 
establishing price-quantity Te Since those who 
demand and supply water are frequently the same 
individuals.® As a proxy for water costs of those firns with 
self-supply, the marginal cost of acquisition might be 


used. 7 


Even if a firm is faced with purchasing water for its 
productive process from a municipal system, the costs of 
such expenditures are in general small relative to the total 
costs of production. For demonstration purposes only, firms 
located in Calgary and purchasing water from that municipal 
System were imputed costs for the purchase of water by 
applying the water rate schedule (see Appendix IX) to their 
volumes of intake for 1971.8 These costs as a per cent of 
total ..production .costs are shown. in. Table 15 for selected 
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Gwe Sa Vee ClrracysWontlun, ot 
The Demand for Land and Water 
CalteOLusa,  |259)4 Us. 6 

7. W. Johnston, The Economists Role in Water Pricing (Davis: 
University of (California), prrad. 

8. 1971 was chosen since this is the most recent year for 
which producticn ccst data are available on an industry 
basis. See: Alberta Eureau of Statistics Preliminary 
Principal Statistics, Manufacturing Industries, Calgary, 
Ai Ve(famonton, 1973). 
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industry relative to total: preduction costs is indeed small. 


Table 15 


Water Costs Relative to. 
Total Preduction Costs: 
Selected Industries, 
Calgary; 1971. 


WateryCostes*as*asperscent 


Industry cf Total Production Costs 
Food and: Beverage 0.1 

Primary Metals On 

Metal Fabricating On 02 
Non-Metallic Mineral OF 

Chemical 0.4 


It would appear, therefore, that since the costs of water is 
a minute consideration relative to the costs of all inputs, 
an increase in the price cf water would produce little or no 
change in the quantity of water, implying an inelastic 
demand curve for water by industry. Theoretically, this is a 
relevant conclusion since " ... demand for an intermediate 
good or a factor of production will be more elastic the 


larger its share in the ccst of the final product."9 


That the cost of water is an exceedingly smail fortion 


of total production costs is supported by research conducted 


9.-G. Reynolds; “Econgnicss: . 
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54 
in the State of Washington.!9 It was found that in most 
industries the cost of water was one per cent or less of 
totals production: costs.)stewas also determined that "... it 
would take a 200 per cent change in the price of water for 
the most water-intensive aluminum firm in Washington ‘to 
equal, in cost terms, a 10 per cent change in wage rates, "1! 
This would tend to suggest that, in the estimation of 
industrial water demand, even if the price of water variable 
existed (or a suitable proxy were used), the degree of 
substitutability between water and other inputs in response 
to relative input price changes is apt to be quite limited. 
A possible substitute for intake water might ke recirculated 
water, over a certain range of water prices. If this were 
the case, the hypothesized inelastic demand function for 
water by. industry would beccme more elastic depending on the 
degree of substitutability between recirculated and intake 
water. However, cne is led to the consideration re 
methodologies in WiicheesnpuUteecubctrrucauwia ty a5 not 
possible. The final three methodologies discussed--the fixed 
(average and marginal). coefficients approach, input-output 
analysis, and linear programming--in some measure are based 
on linear production technology in which input 
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Linear Producticn Approaches 


AmPlinear production activity is characterized by a 
process in which one cr mcre cutputs are produced in fixed 
proportion by the use oe one or more inputs in fixed 
proportion.!2 As a result, a proportionate change in the 
quantity cf inputs oer eanits in a proportionate change in 
the quantity of output produced. If, for example, one output 
is produced by two inputs, the productive process can be 
described by a set of coefficients a (i=1,2) which states 
the amcunt of input e reguired to produce one unit of 


output?) <q PSihat /iss 
a’ = x /QY 1=1,2 


The reguired amount of input x needed to meet a given 


level of production, g, is then determined by: 
xbl=ta g i=i1,2 


Since the level of output is in some fixed proportion to the 


12. This section is based on: J. Henderson and R. Quandt, 
Microeconomic Theoty, pe 335. 
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56 
quantity cf inputs used, the maximum level of output for the 


two inputs is determined hy: 
q ™4X-= minimum (xt/at, x2/a2) 


Therefore either factor x! or x@ could be a MJlimiting one 


with respect to the level of output. 


The Average Coefficients Approach 


A model for estimating future jena for water would 
be functional if based on a linear production function. 
Since there is assumed a fixed relationship between the 
level of output and the quantity of water required to 
produce that output, the guantity of output expected in a 
subseguent ne ila would imply a derived demand for a certain 
quantity of water for that same period.43 A model of this 
sort wculd not require the price of water variable; the 
quantity of water xreguired per unit of output produced 
(average water coefficient) would, however, be necessary. in 
all cases, the value cf prceduction (termed gross sales) will 


be used aS a proxy for the quantity of output.!* Table 16 


13. G. Brown, Forescasting the Demands for Water, pp. 132- 
13a. 
14. Dominion Bureau of Statistics Manufacturing Industries 
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57 
presents the average water coefficients Lens, selected 
industries in Alberta. These are derived by averaging the 
coefficients for the period 1968 to 1970 for the respective 


industries. it is “apparent “from this table ‘that "wide 


Table 16 


Average Water Coefficients, 
Selected Industries, Alberta (acre-feet of 
Water per thousand dollars 
of gross sales) 


Industry Coefficient 
Chemical apes 
Paper ASS: 
Petroleum - 20 
Oily Extraction = 05 
Non-Metallic Mineral - OF 
Food and Beverages 03 
Primary Metals HS) 


Variations in the coefficients between industries exist. The 
Chemical Industry requires sepa 20 times as much water per 
thousand dollars of gross sales as the Food and Beverage, 
and Primary Metals industries. It is the average water 
Goefhicient approach which is utilized jin this study to 


project future levels of industrial water demand. 


The Marginal Coefficient Apfroach 


Another way cf examining the relationship between gross 
sales and water intake is an analysis of this relationship 


over time. Such a study shows the additional quantity of 
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water required to produce an additional quantity of output. 
This value is estimated by the marginal water coefficient 
Which is a measure of the slofre of the regression line where 
the dependent variable is the quantity of water intake (in 


acre-feet) and the independent variable is the value of 
Gross) ©salesS (in 1961 dollars). Data for selected industries 
for the period 1968 tc 1972 are used for the regression. 


Gross sales for 1971 and 1972 are estimated ky the weighted 


moving average formula. The form of the equation is: 


Resa toby 
where W = the quantity of water demanded (acre-feet) 
a-—)d COnstant 
b = slope (marginal water) coefficient 
y = value of gross sales in constant (1961) dollars. 
The marginal coefficients are shown in Table ides A 
Table 17 
Marginal Water Coefficients 
Selected Industries: Alberta. 
(acre-feet per thousand (1961) 
doliars of gross sales) 
Industry Marginal Water Coefficient 
Chenical =e 
Paper . 0.75 
Petroleun -0.42 
Oil Extraction 0.10 
Non-Metallic Minerals 0.04 
Food and Beverages OL07 
Primary Metals 0.06 


comparison of the average water coefficients from Table 16 


and the marginal cnes of Table 17 shows that, in general, 
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the latter values are higher than the former. This would 
suggest that cver .time, water reguirements per unit of 
output are increasing. However, the marginal coefficients 
for the Chemical and Petrcleum industries are ace ra in 
Sign; this is caused by a decline in gross sales accompanied 
by an increase in water intake over the study period. It 
would appear therefore, that for these two industries as 
well, water demand is also increasing marginally. One must 
conclude from this that, over time, there has been no 
impetus for industry to invest in water saving technology. 
Since, however, the data base for these time series 
regressions is extremely small, little confidence can be 
placed in the results. This technique as a procedure for 
estimating future levels of industrial demand is therefore 
rejected in this thesis. An enlarged data base, on a cross 
sectional basis for example, would greatly enhance the 


practicability,of this approach. 


The average and marginal fixed coefficients approaches 
relate potential changes in the demand for water by industry 
to anticipated changes in gross sales. This is the direct 
approach to estimating industrial water demand. However, as 
the output cf an industry changes, so does the output of 
other industries having an input into that industry. These 
latter changes are termed indirect effects and should be 


accounted for in discussicn regarding future demands for 
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water by industry. There isa technique, which takes into 
considerations both: «thei edirect, ,and» -indirects.effects,+of 
changing cutput levels on industrial water demand; it is the 


input-cutput approach. 


The Input-Output Approach 


The interindustry or input-output approach he) 
estimating future industrial water demands has been used in 
recent research.!5 However, fundamental to the use of this 
type of approach is a current input-output table; this is 
non-existent for Alberta at the present time. That input- 
output analysis is a useful tool for estimating the rue uee 
demand for water by industry must be emphasized. For this 
reason, Appendix V presents a summary and discussion of the 
development of input-output analysis as well as a discussion 
of the way in which it can be used to estimate the future 


demand by industry for water. 


The Linear Pregramming Apfroach 


Linear pregramming is a further approach which has been 


used to estimate future water demand.!® Since the price for 


eed 


15. E. Lofting, and P. MNcGauhey, Economic Evaluation of 


Water: Part IV (Berkeley: University of California, 1968). 
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water in the industrial ccentext is 4a dieive one, it would 
be tempting to utilize linear programming in crder to derive 
Shadow prices for the scarcity value of water used by the 
industrial sector. There ae certain elements of this 
approach, though, which do not make it practicable for use 
in prejecting fotential industrial denen in Alberta. 
Building regional linear programming models in which water 
would ke featured as a key constraint is beyond the scope of 
GiiSawthesiS and," in general, 15s Open to considerable 


methodological criticism.!? 


A number kor possible approaches to the estimation of 
future industrial water demand in Alberta have been 
outlined. In summary, tiley are based on: (1) existing 
trends; (2) input demand functions; (3) fixed (average and 
marginal) coefficients; (4) input-output analysis; and (5) 
linear programming. Each alternative approach was examined 
Withetregardeétto Gttsaeapplicability eet oerthiseiprovineepaand 
reasons given for accepting or rejecting each technique. The 
result of this examination is that it wouid appear that the 
approaches based on extrapolation and on fixed average 
coefficients wculd be most practicable. The next section 


utilizes these two approaches as comparisons in the 


THs “SOASV. SBCIifPacy=WantrupsaaWater Policy #andvekcononic 
Optimizing: Scme Conceptual Preblems In Water Research" 
American Economic, Keview. 57 (May, 1967), pe. 182. 
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estimation of future industrial water demand in Alberta. 


The approaches used here to estimate the future - demand 
for water by the industrial sector in Alberta is based on 
the average water demand coefficient and on trend 
extrapolation. In order tc perform water demand estimations 
based on the average coefficient approach, one must have 
available estimates of future levels of production for the 
respective industries. Such estimates are not readily 
available at the present time; therefore, they are derived, 
for demonstration purposes, by using the weighted moving 
average technigue applied to gross sale values of the 
Alberta industrial sector for the period 1967 to. 1970 
inclusively and are displayed to 1980 for the total 
industrial sector in Table 18. Table 19 shows the projected 
industrial water demand based on these levels of gross sales 
and on an average coefficient of On 1i2 te eOre purposes ot 
comparison, industrial water demand projected on the basis 
of the weighted moving average is also shown in Table 19. 
Estimated future levels of water demand for selected 


industries based the weighted mcving average technique 


18. This is the  tctal” Industrial water demand in 1970 
divided by the value of gross sales by the industrial sector 
in Alberta for that year. 
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water intake values are shown in 


Tavlesevist—~1 to, Vil-/eeltelsetiteresting to mote from DZahic 


Year 
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Year 


has 
1974 
4975 
1976 
13977 
1978 
1979 
1980 


Table 18 


Projected Gross Sales 
For the Industrial Sector, 

ALDertai3S73-1960" ~ 
(millions of 1961 dollars) 


Projected Gross Sales 


2644 
PEON | 
mao 
3014 
3137 
3260 
3384 
3506 


Table 19 


Projected Industrial Water Demand 
Alberta 1973-1980 
(000 acre-feet) 


Rater Demand Water Demand 
(coefficient method). (moving average) 
295 278 
309 286 
ees 294 
336 EMO? 
she =a) 
364 Bie 
S4e 327 
She 334 


Slight divergence between the projected demands for 


water by industry -based on two different procedures. In all 
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64 
cases, those values based on the expected level of gross 


sales are more than those derived by the trend projection. 


The conclusicn to be . drawn fron the foregoing 
projections is that industrial water demands in total will 
increase over time. An exception is the Chemical Industry. 
Gross sales in this industry have foen declining over the 
past four years; the result will be, of course, that water 
withdrawals will also decrease, based on the fixed 
coefficients approach. However, water intake in this 
industry has not been increasing during the recent past. The 
applicaticn of the moving average technigue to the water 
withdrawal values for the Chemical Industry also indicates 


decreased water demand for this group. 


Although there are no readily available estimates of 
future gross Sales by the industrial sector, it must be 
concluded that the fixed coefficients approach to the 
estimation of industrial water demands is not to be 
discarded. It is difficult to project into the future with 
more than a small degree of accuracy due to unforseen 
changes in technology and product mix. The estimates 
presented in Table 19 may contain gross inacurracies; 
however, planning for the future in terms of water resource 
develorgment nee be based to some extent on past experience. 


That the projected values for industrial water demand do not 
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65 
impinge on available supplies must ke’ assured. A comparison 
of future demand for water by industry with supplies 
available is made in the following section. 


eee ower are <2 en ee oo ee a 


Projected Industrialy Water! Demand Relative t 


The foregcing frojecticns, crude as they may be, 
indicate that the industrial demand for water is likely to 
increase over time. Water resource planners must be certain 
that sufficient supplies of water exist. To this end, Table 
20 is presented showing, for the respective river basins, 
the rates of flcw which must be availakle to meet the 
requirements cf industry to 1980. It is assumed that the 
supply of water in each basin is relatively constant over 
time and the distribution of industrial water intake on a 
river basin basis will be not unlike that in 1972. A 
comparison of Table 20 with Figures 3 through 7 for the 
respective river basins does not suggest future water 
shortages with respect to industrial water demand. fhe 
inclusion of the water demand for all uses is presented in 
Table Zit A possible trouble area is the South 


Saskatchewan River basin. Much more research is required 


eee see es ae cre 


Se meme ce re er i ep ee ee re er et ee et ee ee 


19. Total water demand is estimated on the basis of the 
assumptions regarding Table 14. 
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anticipated levels of this demand can be estimated with 


Table 20 


Rate of Flow of Water 
Required Ic Meet Projected 
Industrial Water Demand: 
Five River Basins, 
Alberta, 1973-1980 
(cubic feet per second) 


River Basin 


Atha- North Red South 
Peace basca Saskatchewan Deer Saskatchewan 

Li Th 96 9 150 
15 715 99 9 154 
15 118 102 9 158 
16 t21 104 9 163 
16 124 107 10 167 
Ts 128 Tie, 10 172 
17 T3A 113 10 176 
18 134 tS ; 10 180 


accuracy. 
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Table 21 


Rate of Flow of Water 
Required tc Meet Projected 
Total Water Reguirements: ¥ 
Five River Basins, 
Alberta, 1973-1980 
(cubic feet per second) 


River Basin 


Atha- North Red South 


Year Peace basca Saskatchewan Deer Saskatchewan 
1973 LF Helen 144 11 2029 
1974 17 1716 149 11 20:33 
1975 ne 119 153 At 2037 
1976 18 122 156 11 2042 
1977 18 Zo 167 lee 2046 
1978 19 129 165 a2 2054 
1379 19 131 Azn0 12 2054 
1980 20 134 173 ee 2058 


In general, the guantity of water withdrawn by the 
sndustrial Sector in Alberta is small relative to available 
Supplies. Forcasts of these requirements based on both 
extrapolaticn of past trends and on fixed coefficients 
reveal that this demand, to the year 1980, will increase 
about 40 per cent. This estimated future demand, however, 


when cCcmpared with available supplies, also appears small. 
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“It could be argued that forecasting industrial water 
demand into the future with any degree of confidence in the 
results is not practicable. For example, if technological 
changes in the Oil Extraction Industry were such that 
miscible gases were used exclusively for enhanced recovery, 
the result would be a decrease in the water demand of the 
industrial sector in this frovince by about 20 per cent. 
Also, industrial developments such as the Athabasca Tar 
Sands could require infinitely greater quantities of water 
due to changes in the extractive process at some point in 
the future. Developments in Coal Extraction Industry, in the 
way of coal gasification, could imply massive demands for 
water in that industry.29 However, these advances are 
difficult to predict; projection must be made on the best 
available infcrmation. "If projections cannot be taken as 
predictions, are they of any value? fhe answer is definiteiy 
‘yes’. For the projections, based on the best judgments that 
can be made with available infomration, are far superior to 
the alternative ~- which is total ignorance."2% 


en ee ce ee ne epee ee re eee aoe ere ree eg ee ee 


20. UNAS.  JWater | Scarcity. May Limit Use sor Western Coal," 
SClence 161" (AUGUST 19/3) sp. o25- This edlrticiec discusses 
the vast guantities of water required fcr coal gasification. 
The water shortage in the western U.S. could limit such a 
process. Since Alberta has vast ccal reServes, and water, 
gasification would greatly increase the industrial demand 
for water. 

21. Hittman and Associates, Inc. Forecasting Municipal Water 
Requirements, p. II-2. | 
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If possible shortages were to occur, the key to the 
allocation of water among competing uses (when price appears 
to be ineffective) would be the system of water rights. The 
ability of this system to cope with possible conflicts due 
to water shortages is impertant. The water arearares agen i 
Alberta, although based historically on common law 
traditions of riparian water rights, would appear today to 
be closer to a system of appropriative water rights. That 
is, once a user has established use on a water body, that 
Light of use cannot be forfeited unless abuse to that right 
(nonbeneficial use) can be demonstrated. Rights to water 
used for domestic purposes still remain riparian in nature, 
while all other users must apply for a license to use water. 
If applicaticn fcr this license occurs simultaneously with 
those c£ other users for the use of a body of water, the 
iVcensecpeasengrantedgeacccrding yy tos thes) followa ng) ordersof 
priority:22 (1) gone otic. (2) municipal; (3) dindustrial;. (4) 
Leragation3s. (5) water) powers; and (6)*other. Therefore;,, this 
eeeor dat tee system is applicable only to simultaneous 
application and, once the right is sanctioned, legislation 
does not allow for the reallocation of this right to another 
use (except where abuse is demonstrated). It would appear, 
therefore, that flexibility should be built into the systen 


eee ee ee ee ee were 


22. The Water Resources Act, Chapter 388, p. 8. 
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70 
of water rights in Alberta to the extent that reallocation 
to higher-valued uses is possible in times of water 
shortage. An alternative to the transfer of water rights 
would be planning for future water storage and diversion. 
This latter alternative might be more viable than the 
transfer of water rights from one use to another; however, 
the potential benefits and costs of such alternatives would 


have to be evaluated befcre a decision is made to use either 


as a tcol to cope with preblems of water shortage. 


Implications to he drawn from a errteren of adequate 
water supplies fer industry do not address the question of 
water quality. Since most of the water withdrawn for 
industrial purroses in Alberta is supplied through private 
systems, the disposition of waste water in most cases is 
presumably the responsibility of the private firm. However, 
the conseguences of foor cr non-existent waste treatment 
practices are borne by subsequent users. This whole area of 
water quality relative to industrial activity is an 
important one. Chapter IV is a. discussion of this relevant 
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Chapter IV 
Water Quality Implications of 


Industrial Activity in Alberta 
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The quality implications of industrial waste-water 
discharge in Alberta cannot be ignored. It has been 
demonstrated in previous chapters that the guantity of water 
demanded by the industrial sector of the province does not 
in general encroach on existing supplies; therefore, it 
would appear that water quantity issues for the moment, are 
not pressing. To complete the examination of the industrial 
water scene in Alberta, discussion of quaiity aspects nust 


be undertaken. 


Since most of the water withdrawals by the industrial 
sector are private rather than municipally oriented in 
Alberta, one might hypcthesize that the majority of the 
waste-water discharged by this sector is also privately 
undertaken. Evidence to support this hypothesis is, however, 
not forthcoming in this thesis. To the extent that the firm 
is individually responsible for the disposal of its waste 
water, that firm is also acccuntable for the quality of the 
effluent entering the receiving water body. This chapter is, 


therefore, a discussion of the water quality implications 
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resulting from industrial activity. As such, it examines the 
waste water discharge patterns of certain key industries as 
well as presents policy alternatives aimed at curbing 
potentially harmful rates of water quality deterioration 
linked to the industrial sector in Alberta. The scone eens 
positicn regarding such policies is given special attention 


in the chapter. 


charge in Alberta 
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A crude measure of the guantity of effluent in a body 
of water is provided by the Biochemical Oxygen Demand (BOD) 
test. BOD is a "test for estimation of waste water polluting 
effects in terms of the oxygen requirements for biochemical 
Stabilization under specific conditions and time".,?2 It is 
not clear, parehar that the use of this test is a good 
indicator of the social costs imposed by various effluents. 
For example, small amounts of mercury in the water may be 
far more deletericus than Teas quantities of other wastes. 
However, the BOD critericn provides one measure of effluent 
loadings. Table 22 shows the pollution loadings in pounds 
per day into the five respective river basins resulting from 


all waste water discharges. 
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1. P. Konopasek, Water Cuality North Saskatchewan River: 
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1971-1972 (Edmonton: Alberta Department of the Environment, 
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Table 22 
Total Effluent Loading: 
Five River Basins, 
Alberta, 
{pounds per day) 


Kiver Rasin BOD 
Peace 1248 
Athabasca 26854 
North Saskatchewan 42728 
Rea Deer 4081 - 
South Saskatchewan 89751 


Sources An Inventcry of Water Pollution Emissions in the 


Province of Alberta, 1970-1972 (Edmonton: Alberta 
Department of the Environment, 1972), Derm. 


Et HSe Apparent @irom Table 22° that —the effinent 
loadings, on a daily basis, vary widely from river basin to 
river basin in Alberta. Again, these loadings are the result 
of waste discharges frem all sources, that is, municipal, 
domestic, and industrial. Table 23 shows the daily effluent 
loadings attributable solely to industrial activity on a 


river basin basis. 


Table 23 shows that in fact’ industrial contributions to 
total effluent loadings on* a friver basin basis are 
significant, primarily in the Athabasca and South 
Saskatchewan River basins. This is a Similar conclusion to 
the one based simply on the volume of discharge (see Table 
VIII-29). The major contributor to the loading level and 


volume of discharge in the Athabasca River basin is the 
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74 
Paper Industry, that is7etueepulp sand J papers fill in this 
basin. The major sources, in terms of the volume of 
discharge volumes in the South Saskatchewan River basin, on 
Table. 23 
Industrial Effluent Loadings, 
Five River Basins: 


Alberta. 
(pcunds per day) 


River Fasin BOD % Of Total Loadings 
in the Basin 

Peace nae pie 

Athabasca 26950 95 

North Saskatchewan 8127 19 

Red Deer PitZ 5 

South Saskatchewan “2633 * 4g 


Sources: Same as Table 22. 


the other hand, are the Chemical and Petroleum industries; 
however, the mcst of effluent loading based on pounds of BOD 
per day in this basin is the result of activity in the Food 
and Beverage Industry. This latter observation would imply 
that the level of waste water treatment in the Chemical and 
Petroleum industries is significantly greater than that in 
the Food and Beverage Industry in the South Saskatchewan 
River basin. It is beyond the scope of this thesis to nake 
explicit claims regarding the effect on water quality in the 
respective river basins in this prevince as a result of 
industrial activity; however, to the extent that external 


disecononmies could be imposed on subsequent water users, an 
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examination cf aiternative public policies regarding water 
quality is justified. Such an examination follows a 
discussion of the raticnale for government involvement in 


pollution abatement. 


It is an accepted fact that inherent in the production 
and conmsumpticn of goods is the accumulation of residuals.2 
These residuals must be disposed of, and the recipient of 
such disposition is generally the unpriced common property 
resources of air and water. The result is, then, that 
externalities occur. That is, some firm may discharge waste 
into a river, the result being that subsequent users of that 


water must bear the costs imposed by unclean water. 


It has been argued that pollution control has public 
good characteristics.3 fo the extent that residuals are 
discharged intc ccmmon property resources, collective or 
govermental action to curb such externalities is justfied, 
given the infeasibility cf private bargaining solutions in 
most water and air pollution situations.* Policies of this 


2. Ae Ve. Kneese, “Environmental Pollution: Economics and 


Policy" American Economic Review 61 (May, 197%): p. 155. 
Sephe SECLON, “Lowabdemanl = scOuOmiCmrlneGry OL) Pollution 
Control and Abatement,“ Pcllution and Qur Environment 3 


(Paper, 29-1)". 
G. A. Kneese, “Environmental Pollution," pp. 153-154. 
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nature Should be regional (river basins) rather ean 
hational in scope since mcst externalities of this nature 
are localzed. Gcvernmental pclicies regarding water quality 
have tended to take various forms. A few of these along with 
those preferred by economists are presented in the following 


section. 


Alternative Policies Regarding Water Quality 
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A number of varicus folicies in the area of water 
quality have been enacted or proposed in recent years. Some 
of these are: (1) grants and subsidies; (2) accelerated 
depreciation allcwances; (3) regulations and standards; and 
(4) effluent changes. Each policy will be discussed in turn 
with respect to its potential effectiveness in controlling 
water pollution in Alberta. The fourth. alternative oe 


effluent charges ~ is the one favored by economists. 


Grants and Subsidies 


This type cf policy is generally applied to industrial 
Or municipal sewage treatment systems. In Canada, the 
Central Mortgage and Housing Corporation has been empowered 
since 1960 to advance two-thirds of the costs of 
constructing municipal sewage treatment plants and, if the 


project is completed satisfactorily, 25 per cent of the loan 
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is foregiven. This type cf policy, however, has _ serious 
economic drawhacks.S It is net eguitable that an individual 
in one area of the country unaffected by pollution problems 
should pay to clean uf those of some cther location. 
Further, in times of inadequate federal funds, construction 
of sewage treatment facilities might be postponed. At the 
Same time a subsidy system cculd tend to favor more 
expensive systems when possibly treatment systems internal 


to the respective firms might be less costly. 


Depreciation Allowances 


Since April, 1965, assets acquired by firms in Canada 
EOa the primary purpose of pollution control can be 
amortized at the rate of 50 per cent per year.® There are, 
however, a number of problems associated with such a scheme. 
FIEStiy, polluters. are pupetai ea by non-pollutors if the 
loss in tax revenue is compensated by an increase in the 
taxaticn of the latter group. Secondly, these accelerated 
depreciation allowances are available for only capital 


assets; this could imply that less capital intensive 


5. A. Kneese, “Environmental Pollution", p. 3. 

OVt=*This section” 1s? > based" *on: L. Waverman, “Fiscal 
Instruments and Pclluticn: An Evaluation of Canadian 
Legislaticn," Economics: Contemporary Issues in Canada, ed. 
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78 
techniques that might be less costly are net favored. A 
final problem associated with the depreciation allowance 
technigues%as “abepolluticneicontrol "scheme -iseithat the 
incentive for adaptation cf this system at the firm level is 
partrelly avi uneticn®ckithe *firm'sttaxarate, thateis, sof the 
level of prcfits. This scheme is therefore of no value to — 
firms operating at a loss (in the short run) and hence is 
practicable only for Qrtloserelirastawhich, could. afford 
abatement investment withcut the accelerated depreciation 


progran. 


Regulations 


A regulatory pclicy regarding water quality is 
generally based on stream guality standards. For example, 
one criterion might be a specified level of dissolved oxygen 
existent at specific points in the water course. Therefore, 
each firm disposing waste into a particular water body must 
eustvessthatestheesqialityetotnthereftfluentedoessnot in fact 
detract significantly from the ‘quality of the receiving 
water body. As a result, each firm's discharge must be 
monitored in crder to establish the extent of treatment 
required to meet the standards set for that region. This 
procedure requires a substantial amount of consistent 
monitoring of the discharge; hence difficulties arise in 


enforcing the standards. A more appropriate system (the one 
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favored by economists) would be based on the principle that 
the pollutor shculd be made to bear the costs of pollution 
control. This scheme is essentially cone of effluent charges. 
It should be mentioned that an effluent charge system would 
in fact incorporate segments cf regulatory policy in the 
sense that some degree cf monitoring would be necessary to 
ensure that each firm's effluent is of the guality 


established by the water management authority. 


Effluent Charges. 


A water guality management program founded on a systen 
of effluent charges is based on two general concepts.? The 
first one is that the waste discharger should bear the costs 
of his activities which impose on the common property assets 
of society (air and water) and secondly, that a well 
integrated water quality management program would be most 
operational on a regicnal basis since pollution problems are 
regional in nature. The effluent charge is based on the 
amount and characteristics of effluent discharged into the 
common property resource and is a payment for the use of 


such disposal mediums, 


oe ce ees ee — 


7. This secticn is based on: A. Kneese, "Envircnmental 
Pollution: Eccnomics and Policy" American Economic Review 61 
(Saventoy jis pee Loe OC. 
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The way in which a system of effluent charges would 
have an effect on water quality is as follows. The 
entrepreneur, when faced with charges to be paid for waste: 
discharge, could determine the methcd which would he most 
Suitable in his own situation to decrease pollution levels, 
or he could simply neglect abatement technigues and pay the 
effluent charge. The costs of the resultant abatement 
techniques might then be passed on the consumer who could 
pay the increased price for the commodity or alter his 
consumption habits. As a result there could be Vasesbirtt., to 
goods with a smaller environmental cost. This system of 
effluent charges offers scme incentive toward abatement even 
at a low level cf waste discharge while a system based on 
standards precvides nce incentive to decrease waste discharge 
beyond the required) level, even though it might be 
accomplished inexpensively. Revenues generated by a system 
of effluent charges could ke used for environmental quality 


improvements. 


The federal government has a definite role to play in 
the Beret eaten? of regicnal water quality programs based 
on effluent charges. For example, the central goverment 
could, in conjunction with regional bodies, establish 
ninimum effluent charges on all waste discharges above sone 
minimum amcunt. The regicnal authorities could then consider 


this as a base line and wculd be encouraged to tailor the 
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81 
charge structure to suit their own (local) water quality 
requirements. Such a policy would ensure that, on a national 
basis, there were no ‘pollution havens and that some 
consistent minimum water quality level existed nationally. 
The recent enactment of the Canada Water Act aoe nake 
provision for such levels. Mention is made of effluent 
charges although the way in which they are to be set is not 
yet made explicit. This act is, however, a step in the 
direction of a water quality management scheme based on 


effluent charges. 


A number cf alternative water quality policies have 
been examined with respect to their potential effectiveness 
in curbing water quality deterioration. The alternatives 
alee" (i) Glancts and subsidies; (2) ~acceserated™= depreciatron 
allowances; (3) regulations and standards; and (4) effluent 
charges. Examinaticn cf each, in turn, determined that the 
most efficient system wculd be an effluent charge scheme 
based on realistic standards. Stet a program rould cause the 
firm tc internalize tc a large extent the social costs 
imposed by its productive activities in the sense that the 
firm pays for the use of the common property resource (air 
and water) as a receiving body for its waste discharge. 
Regional water guality programs should be established since 


pollution froklems are themselves 1c€alin "nature. 
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Conclusions 
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It has not been the purpose of this chapter to present 
judgments regarding water guality as a result of industrial 
activity in Riperta, curt erather*? to’ spomnt sorte those 
industries whose discharge could have the most deleterious 
effects. Possibly the greatest Sone ipuewen of this chapter 
is the examination of alternative policies which could be 
implemented’ ‘with >a ‘view’ to controlling the quality of 
industrial effluent entering the lakes and streams of this 


province. 


The industrial group in Alberta which collectively 
discharges the qreatest volume of waste water is the 
Chemical Industry. It was discovered, however, that the 
effluent of thrseegroup is Penote ethe most | potentially 
deleterious based on BOD, although other tests on effluents 
may lead to different results. The Food and Beverage 
Industry (in the South Saskatchewan River basin) produces 
more BOD per day than any other industry. This factor, along 
With the consideration of the potential low flow problems in 
the South Saskatchewan River basin, suggests that®*close 
examination Ete made of this area. That the greatest volume 
of waste-water discharge * does not necessarily imply the 
greatest hazard to water quality, would suggest that water 


quality programs should nct be based solely on _ physical 
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discharge volumes. To the extent that there are other 
consideraticns regarding water quality policy formulations, 


an examination of alternative policy proposals was made. 


The most appropriate water quality scheme discussed was 
that of effluent charges. This system would enforce the 
principle that ‘the pollutor must pay while at the same 
time attempt to enable entrepreneurs to decide on the least 
cost abatement program for their respective firms. The 
revenues derived by this system could be used for 


environmental guality imprcevements. 


The impetus for an effluent charge scheme for water 
quality management could originate with the federal 
government. This could be accomplished by the senior 
government, together with the provinces and the regional 
water authorities, establishing minimun water quality 
standards which would create a base level for areas of the 
nation with similar water quality situations, with a charge 
for effluent lcadings exceeding this level. This would avoid 
tifa possibility of *pollution havens". Under such a systen, 
some flexibility in minimum standards might be possible 
across areas cf the country with dissimilar water quality 
problems; furthermore, the river basin authorities could 
increase_ effluent charges from the minimum base level to 


generate the desired water quality in the basin. 
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There are certain implications to be drawn from the 
foregoing discussion in terms of Alberta water quality as it 
is affected by industrial activity. At the present time, the 
water quality program in this province is essentially 
regulatory in nature.® Pricr to the construction of an 
industrial plant, application must be made with the Alberta 
Department of the Envirenment giving information, among 
other things, regarding the extent and quality of the 
proposed discharge of effluents. If these proposals are 
Within the established quidelines, and ali other aspects of 


the applicaticn are acceptable, approval in granted. 


The water quality programme of the Alberta government 
could be made mere efficient by the inclusion of an effluent 
charge scheme. Since the standards are already established 
and the monitcring of waste discharge is; inverfectstall the 
benefits (as outlined above) of an effluent charge systen 
could be realized by the citizens of this province. Further 
exaninationpzofasuchtapprorpeosal Gis _jwarrantedt in jternspict 


enhancing the existing water guality program in Alberta. 


eee te ee 


8. Alberta Department of the Environment, Clean Water 
(industrial Plants) Kequlations, 0C217/73. 
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CHAPTER V 


Summary and Policy Implications 


The purpese of this thesis has been to examine 
industrial water use in Alberta from both a quantitative and 
qualitative yoint of view. It has been an exercise in 
reviewing the pertinent policy issues regarding industrial 
water. use .in the province and proposing changes in water 
management policy which would enhance the administration of 


this resource. 


The survey upon which this thesis is based reveals that 
422 firms in the industrial sector of Alberta each withdrew 
more than one million galicns of water in 1972 amounting in 
total to about 270 thousand acre-feet. These firms are 
located in almost all parts of the province. However, the 
pieee udeion of intake is not similar to that of industrial 
location; intake varied from a total of 8 thousand acre-feet 
in the Red Deer River basin tc about 105 thousand acre-feet 
in the South Saskatchewan River basin. This would imply that 


some industries demand more water than others. 


Firms involved in mineral fuel extraction collectively 
withdrew more water than those of any other industry in 
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Alberta in 1972. Most of the water demand of this group is 
located in the Athabasca River basin. The Mineral Fuels 
Industry deserves special attention. Of all the water which 
is consunptively used by the industrial sector in Alberta, 
the Mineral Fuels Industry uses over 80 per cent. This is 
peimersly (duestostheslarge quantities of, ~water (which @are 
withdrawn by the Oil Extraction subset of this group and are 
essentially net returned to the water system. It is 
interesting tc note that nearly 90 per cent of the water 
withdrawn for industrial purposes is privately provided, 


primarily from surface sources. 


Water discharged by the industrial sector in Alberta 
during 1972 amounted tc about 176 thousand acre~feet. The 
largest single discharger of pee Water is the Chemical 
Industry with abcut 66 thousand acre-feet. The salient 
factor regarding waste water discharge is not so much the 
volume discharged but the amount of treatment received prior 


to discharge. 


Across all industries, about 40 per cent of all waste 
water is treated prior to discharge; some of the remaining 
60 per cent is treated municipally. The quantity of waste 
water treatment ranged from essentially zero in some 
industries to nearly 97 fer cent in the Paper Industry. The 


resultant quality of effluent is. examined in a further 
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section. 


The amount of water which is applied to the productive 
process that is derived from recirculated sources is an 
important factor in the analysis of industrial water demand. 
This portion, termed the degree of recirculation, was found 
to be the greatest in these industries reguiring water 
primarily for cooling purroses. These same industries tended 
to be ones which did net use consumptively the largest 
volumes of water. Upon relating the volumes of water 
demanded by the industrial sector to existing supplies, it 
was determined that little or no conflict is apparent. The 


= 


inclusion of all water uses pee aaien potential shortages in 
the South Saskatchewan River basin. For example, the rate of 
flow of water required to meet total water requirements in 
this basin-is about 2010 cubic feet per second in Table 14, 
while the long term data reveal that, 85 per cent of the 
time, a flow of this magnitude is expected to be equalled or 
exceeded (see Figure 7). This conclusion is, of course, 
based se crude assumptions such as the quantity of water 
used for irrigation is about 1.3 million acre-feet annually 
(a peak situation), and the municipal water requirements are 
approximately 60,000 acre-feet per year. Each river basin in 


turn should be’ examined mcre closely with respect to total 


water demand. 
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An attempt was made in this thesis to estimate a demand 
function fcr water by industry so that future levels of 
water demand might be estimated. It was assumed that price 
has little effect on the quantity of water demanded since 
most of the water is privately provided, or is a setts small 
portionstorel the®tctal costsior* production Vit * purchased irom 
some municipal system. It was hypothesized that the demand 
function for water «by industry could in some cases become 
more price elastic if in fact recirculation of water were to 
become to some degree a substitute for intake water. This 
hypothesis was not pursued furtherseIt was»found, though, 
that the demand of water wculd be best estimated at the 
present time by assuming that its use was in some fashion 
fixed to the quantity of output produced and in general 
unrelated to price. Hence, projection of future levels of 
industrial water demand are linked (via the average water 
coefficient) tc anticipated future levels of production. 
Potential water shortages in the South Saskatchewan River 
basin were apparent when the demand for water the industrial 
SGctOLeealLoug wawithe tiat.ot ail other users was projected to 
the year 1980 and compared with the existing supply. The 
examination of industrial water demand in Alberta was 
completed with a discussicn regarding this demand relative 


to water quality based on BOD. 


The Food and Beverage Industry discharges more pounds 
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of BOD per day than does any cther itaasterain Alberta. This 
is an interesting point tc note since that industry ranks 
fifth in terms of the volume of waste water discharge and 
fourth based cn the quantity of waste water treated prior to 
discharge. It would appear, based on the BOD criterion, that 
the extent of treatment in the Food and Beverage Taaneec is 
low relative to cther industries in the province. This would 
imply that changes to existing policies regarding water 
quality in Alberta should be considered. To the extent that 
such changes should be anticipated, alternative water 


quality policies regarding abatement were examined. 


A number of aiternative water quality policies were 
discussed: (1). grants and subsidies; (2) accelerated 
depreciation allowances; (3) regulations; and (4) effluent 
charges. Each was examined in turn with respect to its 
ability to control the industrial discharge of effluents 
into the respective bodies of water in Alberta. A scheme 
based on effluent charges was proposed to be the most 
reticent policy since it would cause the entrepreneur to 
internalize some of the costs now imposed on users of the 
common property resources of soni etys An effluent charge 
would enable the firm to utilize that form of abatement 
which would achieve the reguired level of effluent quality 
at minimum ccsts cr to decide to neglect abatement and pay 


all the effluent charges, cr a combination of both. The 


jad? ,aglaapies Gil 
ee 
oa 
nthew efua <auivoaa nde oh cele sused agen oF 
ayer paLiVAges. salatted seine ob -aaQasd> 2009/9 | 
And? ddntas off oF .tegapeetad: od-biveds errodia ab ghinnp 
sneee ovidaingtte eee ed #fuode pees): 
ligt tease Soe Tiangdsaaw geotbsepes ansoliag- Ceetare 


> =n’ s ‘san 
at amt oees - tei aup apsea eleecietie to sedasa &£ : 


javaeotguou. (> fpagtiteies Ate esnasy ty ssassvoaih ia 
feauktas iby bas cepdielvess Hey sesocevadio eebsetens 7 

eoi of tek ane le die ts 
ajneakite 40 evaatrasd deiztvebel ed? flortnod oF Bis: 


‘iedse 4 -aptadla aA nie; Se ahdked aviouesee ee 


- ae 


sce clit Sd 7 Somogesg cov, negzedn snoulnte 0 Beuad 
of sue gars 73AS aa2 eawec hibaw 21 anatis rphing j 13h 
at 6 etinn a’ Comagnt woe psteos wits to vaos 


Va a) 


‘enh inns th sSiehow th eporenens YiseNe th tae 


— 


— 


90 
costs of such a program wculd be reflected in higher charges 
for the commcdities produced by these firms, assuming such 
additional costs cculd be passed on to consumers; this could 
possibly result ina shift ree goods which are less 
costly in environmental terms. Revenues generated by an 
effluent charge scheme could be used for environmental 
quality imprcvement. The federal government would have a 
definite role to play in formulating such a scheme in terms 


of minimum rational effluent standards and charges. 


A number of implications for water management policy 
are implied by the results of this thesis. In general terms, 
these involve: (1) water pricing; (2) water law; (3) demand 
projections; and (4) water quality. Each implication is 


discussed in turn. 


Water Fricing 


Results of this study would imply that, in general, the 
price of water has little effect on the demand decisions of 
entrepreneurs bn gethe {uaust nial sector in Alberta. ‘This is 
based on the cbservation that only a small portion of the 
water intake by industry in Alberta has a price in the sense 


that it is purchased as an input into .the productive 
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91 
process. Even fcr those firms which purchase water, such 
expenditures account for less than cne per cent of the total 
COsteroer eplroduction. “he siampiacation “for "a (policy @iis,; 
therefore, that increases in the price paid for water by the 
industrial sector will likely have a minimal effect on the 
quantity demanded unless it can be demonstrated that there 
is a significant degree of substitution between intake and 
recirculated water. Since such a demonstration is beyond the 
scope of this thesis, it is assumed that price has little 
effect on the guantity of water demanded. This assumption is 
in line with eccnomic thecry. The implication of such an 
assumption is, therefore, that the price of water in the 
industrial sector is likely to be poor allocator of scarce 
water among competing uses, but would be a good tool for 
raising revenue for the ccnstruction c£ water management 
projects. Furthermore, this thesis<suppeorts the view that 
water should be priced at its true scarcity value and that 
the charge for water shculd be related to consumptive use. 
However, if the goal of water management pclicies is to 
alter the distributicn cf water among uses, price changes 
alone are likely to be an ineffective | instrument. 


Institutional measures would appear to be more useful. 
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Water Law 


The impcertance of institutional flexibility as a major 
thrust to redirecting water supplies to higher valued: use 
Can not be over-~emphasized. The key institution in the water 
resources sphere is the systen of water rights. Water rights 
in Alberta appear to ke based eerice claim. However, 
present legislation does net allew for the reallocation of 
these rights to higher valued uses in times of water 
Shortages. Flexibility of this nature should be explicit in 
Alberta water law. It is felt that effective planning 
regarding water stcrage and diversion schemes might be 
another meaSure for dealing with water shortages. The social 
benefits and costs of eéach measure would have to be made 
carefully before a decision is reach regarding the 
implementation of either as a method of coping with water 


shortage problems in Alberta. 


Water Demand Projections 


The estimation of future levels of industrial water 
demand is indeed a complex task. ‘Such forecasts are in 
general based on existing technology and functional 


relationships; changes in either or both of these could 
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Significantly alter subseguent levels of en streeT water 
demand. For example, if the technology involved in enhanced 
recovery of oil were to change, the quantity of water 
demanded by the Angin mae sector could be greatly altered. 
Technological advances in the preductive processes of 
industrial firms cculd either be water-saving or water-using 
in nature, causing induced changes in water demand. 
Industrial activity in subsequent years which is not 
anticipated at tke present time would certainly effect the 
level cf water demand by the industrial sector as a whole. 
In light of current trends, however, water shortages with 
respect to industrial water demand are not anticipated 
although possible areas cf ccncern arise upon the inclusion 


of all water users in Alberta. 


The existence of an adequate (or ample) water supply 
relative to demand does not necessarily imply the 
probability of economic grcwth due to potential industrial 
ACLIVIity. Water avadlability is not a sufficient condition 
for industrial location. “Water is clearly a necessary input 
for “all “types of “econchic» activity, but at can be 
transported, imported, conserved, recycled, refined, and 
reused at sufficiently low costs that its abundance in the 


Natural environment 1s not necessary for most types of 
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economic activity".1 Hence, the province cannot justifiably 
expect to induce an influx of industries due to ample water 


supplies. 


The relationship between water resource development and 
economic growth is nct necessarily a direct one. That is, if 
Alberta were to develcp her water resources further for the 
Sole purpose of enhancing economic growth, caution is 
urged.2 There are a number of reasons for this. Firstly, the 
regional objective cannot focus only on the region in which 
the project is located at the neglect of all other regions 
Since development in one region could be at the expense of 
other regions. Secondly, in cases where regional development 
plans are designed and evaluated by water resource 
development agencies, cther more effective means of 
stimulating regional development may be neglected. Thirdly, 
most heavy water denanding industries are highly capital 
intensive; therefore, the direct effects of potentially 
accelerated growth in terms of employment opportunities and 


population are likely small. 
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1. C. Howe, Water Resources and Regional Economic Growth in 
the United States, )1950°=.1960 (Washington: Resources for 


thesFruture, 1968), pa. 6. 
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"Benefit-Cost Analysis and Multiple Objectives: Current 
Issues in Water Resource Flanning," Water Research 6 (1970) 
Dope 25-9307. 
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The overall implication concerning the quantitative 
aspects of industrial water demand in Alberta is that there 
would appear to be little need fcr concern at the present 
time. However, the seascnality aspects of both demand and 
supply of water have been ignored. It is recognized that 
short tern Water shortages could occur due to this 
fluctuation preblem at the micro level. Overall, though, 
there would appear to be an adequate supply of water to meet 
the demand cf the industrial sector in the province. There 
is, however, need for the examination of policies. regarding 


water quality management. 


Water Quality 


Existing water quality policies in Alberta tend to be 
regulatory in nature. Proposed waste disposal systems of 
firms must meet certain standards before permission is 
granted for ccnstraction. Fines and stopages could be 
imposed. upon failure to meet given effluent quality 


standards. 


A water guality scheme based on effluent eracdes could 
Deseadcoptedasicor Alberta. SSuch®) 4 program -coulds tse the 
existing standard as a base line, and could apply charges 
for exceeding these levels. The monitoring system required 


in an effluent charge scheme is already in existence. fhe 
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96 
establishment of a water quality management program would be 
an equitable one since the pollutor is forced to internalize 


to some degree the costs he imposes on the rest of society. 


This thesis is not intended to be an exhaustive 
analysis of water demand by the industrial sector in 
Alberta. Its purpose has been to examine the key issues 
involved. This study does, however, expose certain areas 


which merit further study. 


There is need for future research into the spatial and 
temporal distribution cf ktoth the supply of and demand for 
water by the industrial sector in Alberta. Seasonal 
fluctuations in demand shovld be compared with those of 
supply. The distribution of both spatial and temporal 
considerations of water supply and demand on both a basin 
and sub~basin basis should also be examined. Such analyses 
would enable the water resource planner to plan nore 
effectively for the future. This is especially important 
with reference to water use in the South Saskatchewan River 
basin were a more close examination is required of uses 
other than industrial since the agricultural sector in that 


basin uses the overwhelming bulk of the water. 


Research should be extended into the area of marginal 
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water coefficients. The purpose of such an examinaticn would 
be to establish if, cver time, the technology surrcunding 
industrial water demand in Alberta has been of a water- 
Saving or water-using nature. Sataicegacacns the level of 
production at the firm level would greatly enhance such an 


examination. 


Independent estimates of the anticipated levels of 
production in the industrial sector should be undertaken. In 
this thesis they are estimated by using a weighted noving 
average technigue. Nore scphisticated enn ae future 
gross sales, perhaps based on econometric models or on 
input-output analysis, would be useful in deriving 


industrial water demand estimations. 


A clear examination should be made of the price 
elasticity of demand for water by industry. This study 
assumed the demand curve to be price inelastic; further 
research should be conducted regarding this assumption. The 
cost of water is shown in general to be small relative to 
total production costs which would imply a relatively 
inelastic demand curve for water. However, the substition of 
water for other inputs (such as recirculated water) would 


tend tc make this curve more elastic. 


A final area of industrial water demand which merits 


further study is that of the water quality implications. The 
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98 
Biochemical Cxygen Demand criterion was used here as a 
measure of water quality; the real social costs of 
industrial waste water discharge may be more accurately 
measured by other tests. Additional research is also 


required with respect to the adaptation of a water quality 


management pregram based cn effluent charges for Alberta. 
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Appendix I 


Standard Industrial Classification 


Code 
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LIST OF "GROUPS P AND CLASSES 


St eS ey ame ae ea ao > eS 


Majcr Group 1-Experimental and Institutional Farms 


001 Experimental and University Farms 
003 Institutional Farms 


Major Grcup 2-Farms (except Experinental 
Institutional Farms) 


011 Livestock and Livestock Combination Farms 
013. Field Crop and Field Crop Combination Farms 
015 Fruit and Vegetable Farms 


017 Other Crep and Livestock Combination Farms 
019 Miscellanecus Specialty Farms 


Major Group 3-Services Incidental to Agriculture 
021 Services Incidental to Agriculture 
Divisicn 2-Forestry 
Majjcr Group i-Lcogging 


037° Logging 


Major Group 2-Forestry Services 


039 Forestry Services 


Divisionss=Fishing ands irapping 


Major Group 1-Fishing 


and 


ort 


aisvivstsen of kak avokessa-E qooxd- 
ewutivaiugs of Letaehioal sleek be 


cEtiegass . btedvia 
paippol-f quoxd. wten 


. — 
wepavae® y2teetol-§ quosd ott “ 


| 


041 Fishing 


Major Group 2-Fishery Services 


045 Fishery Services 


Major Group 3-Hunting and Trapping 


O47 Hunting and Trapping 


Division 4-Nines(inciuding Milling), Quarries and 
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Major Group 1-Netal Mines 


051 Placer Gold Mines 

052 Gold Quartz Mines 

057 Uranium Mines 

058 Iron Hines 

059 Miscellaneous Metal Nines 


Major Group 2-Mineral Fuels 


061 Coal Mines 
064 Crude Fetroleum and Natural Gas Industry 


Major Group 3-Non-Metal Mines (except Coal Mines) 


071 Asbestos Mines 
O72 Peat Extracticn 
073 Gypsum Mines ; 
079 Miscellaneous Non-Metal Nines 


Majcr Group 4-Quarries and Sand Pits 


083 Stone Quarries : 
087 Sand Pits or Quarries 
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Majer Group 5-Services Incidental to Mining 


U96" Contrace Drilling .ror Petroleun 
098 Other. Contract, Drilling 
099 Miscellaneous Services Incidental to Mining 


Division 5~Manufacturing Industries 
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Major Group 1-Food and Eeverage Industries 


1071 Weat and Pcultry Products Industries 

102 Fish Products Industry 

103. Fruit and Vegetable Erocessing Industries 
104 Dairy Preducts Industry 

105 Flour and Breakfast Cereal Products Industry 
106 Feed Industry 

107 Bakery Products Industries 

108 Miscellaneous Food Industries 

109 Beverage Industries 


Majcr Group 2-Tobacco Products Industries 


151 Leaf Tobacce Frocessors 
153 Tcbacco Eroducts Hanufacturers 


Major Group 3-Rubber and Plastics Products Industries 


162 Rubber Products Industries 
465 Plastics Fabricating Industry,n.e.s. 


Major Group 4-Leather Industries 


172 Leather Tanneries 

174 Shoe Factcries 

175 Leather Glove Factories 

179 Luggage, Handbag and Small Leather Goods Manufacturers 
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Major Group 5-Textile Industries 


18 eS Corton yarn” and? Cloth h111>5 

iS 2) Wool Yarnvand Cloth Mai) > 

183 Man-made Fibre, Yarn and Cloth Mills 

184 Cordage and Twine Industry 

185 Felt and Fibre Processing Mills 

186 Carpet, Mat and Rug Industry 

187 Canvas Products, and Cotton and Jute Bags Industries 
188 Automobile Fabric, Accesscries Industry 

189 Miscellaneous Textile Industries 


Majcr Group 6-Knitting Mills 


Za HeCSiery brits 
239 Knitting Mills (excerpt HcosierMills) 


Majcr Group 7*Clothing Industries 


243 Hen*s Clothing Industries 

244 Women"s Clothing Industries 

245 Children's Clothing Industry 

246 Fur Geods Industry 

248 Foundation Garment Industry 

249 Miscellaneous Clothing Industries 


Major Group 8-Wood Industries 


251 Sawmilis, Planning Mills and Shingle Mills 
252 Veneer and Plywood Mills 

254 Sash, Docr and Other Millwork Plants 

256 Wooden Bex Factories 

2998 CCOLrinvand=Casket Industry 

259 Hiscellanecus Wood Industries 


Major Group 9-Furniture and Fixture Industries 


261 Household Furniture Manufacturers 

264 Office Furniture Manufacturers 

266 Miscellaneous Furniture and Fixtures Manufacturers 
268 Electric Lamp and Shade Manufacturers 
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Major Group 10-Paper and Allied Industries 


271 Pulp and Paper Mills 

272 Asphalt Roofing Manufacturers 
273 Paper Box and Bag Manufacturers 
274 Miscellanecus Paper Ccnverters 


Major Group 11-Printing, Publishing and Allied Industries 


286 Commercial Printing 

287 Platemaking, Typesetting and Trade Bindery Industry 
288 Publishing Only 

289 Publishing and Printing 


Majcrc Group 12-Primary Metal Industries 


29a, Iron and Steel miilis 

292 Steel Pipe and Tube Mills 

29% Iron Foundries 

295 Smelting and Refining 

296 Aluminum Rolling, Casting and Extruding 

297 Cecpper and Copper Allcy Rolling, Casting and Extruding 
298 Metal Rolling, Casting and Extruding,n.e.s. 


Ma jor Group 13-Metal Fabricating Industries (except 
Machinery and Transportation Equipment Industries) 


301 Bciler and Plate Works 

302° Pabricated Structural Netal Industry 

303 Ornamental and Architectural Metal Industry 
304 Metal Stamping, Pressing and Coating Industry 
305 Wire and Wire Products Manufacturers 

306 Hardware, Tool and Cutlery Manufacturers 

307 Heating Equipment Manufacturers 

308 Machine Sheps 

309 Miscellaneous Metal Fabricating Industries 


Majcr Group 14-Machinery Industries (except Electrical 
Machinery) 
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311 Agricultural Implement Industry 

315 Miscellaneous Machinery and Equipment Manufacturers 

316 Ccmmercial Refrigeraticn and Air Conditioning Eguipment 
Manufacturers 

318 Office and Store Machinery Manufacturers 


Major Group 15-Transportation Equipment Industries 


321 Aircraft and Aircraft Parts Manufacturers 

323 Mector Vehicle Manufacturers 

324 Truck Body and Trailer Manufacturers 

325 Motor Vehicle Parts and Accessories Manufacturers 
326 RaliroadvRoiting Stock Industry 

327 Shipbuilding and Repair 

328 Boatbuilding and Repair 

329 Miscellaneous Vehicie Manufacturers 


Majcr Group 16-Electrical Products Industries 


331 WNanufacturers of Small Electrical Appliances 

332 Hanutacturers=-of  Majer® Applaances (Electric and Non- 
Electric) 

333 Manufacturers of Lighting Fixtures 

334 Manufacturers of Hcusehoid Radio and Television 
Receivers 

335 Communications Equipment Manufacturers 

336 Manufacturers of Electrical Industrial Equipment 

338 Manufacturers of Electric Wire and Cable 

339 Manufacturers of Miscellaneous Electrical Products 


Majer Group 17-Non-Metallic Mineral Products Industries 


351 Clay Products Manufacturers 

352 Cement Manufacturers 

353 Stone Preducts Manufacturers 

354 Cencrete Froducts Manufacturers 

355°" Ready-Mix Concrete Manufacturers 

256 Glass and Glass Froducts Manufacturers 

357 Abrasives Manufacturers 

358 Lime Manufacturers 

359 Miscellaneous Non-Metallic Mineral Products Industries 
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Majer Group 18~-Petroleum and Coal Products Industries 


365 Petroleum Refineries 
369 Miscellaneous Petroleum and Coal Products Industries 


Majer Group 19-Chemical and Chemical Products Industries 


372 Manufacturers of Mixed Fertilizers 

373 Manufacturers of Plastics and Synthetic Basins 
374 Manufacturers of Pharmaceuticals and Medicines 
375 Paint and Varnish Manufacturers 

376 Manufacturers of Soap and Cleaning Compounds 
377 Wanufacturers of Toilet Preparations 

378 Manufacturers of Industrial Chemicals 

379 Miscellaneous Chemical Industries 


Major Group 20-Miscellaneous fianufacturing Industries 


391 Scientific and Professional Equipment Industries 
392 Jewellery and Silverware Industry 

393 Sporting Goods-and Toy Industries 

397 Signs and Displays Industry 

399 Miscellanecus Manufacturing Industries,n.e.s. 
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Majer Group 1-General Contractors 
404 Building Construction 


406 Highway, Bridge and Street Construction 
409 Other Construction 


Majcr Group 2-Special=Trade Contractors 
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Division 7-Iransportation, Communication and Other Utilities 


SUn 
Sue 
503 
504 
oh hS, 
506 
507 
508 
509 
te 
et Es) 
516 
le 1 
a 


524 
Sai 


543 
544 
545 
548 


SZ 
574 
eit as: 
oS 


Mager. Group j-iranesporteartson 


ADCO eal spore 

Services Incidental to Air Transport 

Rallway Transport 

Water (rane Ot 

Services Incidental to Water Transport 
foving and Storage, Used Gocds, Uncrated 

Other Truck Transport 

Bus Transport, Interurban and Rural 
Urban Transit Systens 

Taxicak Operations 

Pipeline Transport 

Highway and Bridge Maintenance 
Hiscellaneous Services Incidental to Transport 

Other Transportation 


Major Group 2-Storage 


Grain Elevators 
Other Stcrage and Warehousing 


Majer Group 3-Communication 


Radio and Television Broadcasting 
Telephcne Systems 

Telegraph and Cable Systems 

Post Office 


Major Group 4-Electric Power, Gas and Water Utilities 


Electric Pcwer 
Gas Distribution 
Water Systems 
Other Utilities 
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Division 8-TIrade 


Majcr Group 1-Wholesale Trade 


602 
606 
608 
671 
612 
614 
Oi 
616 
617 
6718 
fon S| 
621 
suppl 
622 
623 
624 
625 
626 
G27] 
629 


Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
ies 

Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
Wholesalers 
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Farm Froducts 

Ccal and Coke 

Petroleum Products 

Paper and Paper Products 

General Merchandise 

Food 

Tebacco Products 

Drugs and Toilet Preparations 

Apparel and Dry Goods 

Househcld Furniture and Furnishings 

Motor Yehicles and Accessories 
Electrical Machinery, Equipment and 

Farm Machinery and Equipment 

Machinery and Equipment,n.e.s. 

Hardware, Plumbing and Heating Equipment 

Metal and Metal Products,n.e.s. 

Lumber and Building Materials 

Scrap and Waste Materials 


Wholesalers,n.e.&. 


Major Group 2~Retail Trade 


Food Stores 


General ferchandise Stores 


Pie; 


Battery and Accessories Stores 


Gasoline Service Stations 
Motor Vehicle Dealers 
Motor Vehicle Repair Shops 


Shoe Stores 


Hen's Clothing Stores 
Women*s Clothing Stores 
Clothing and [ry Goods Stores,n.e.s. 


Hardware Stores 
Household Furniture 
Television 


Radio, 


Drug Stores 


Book and Stationary 
Shops 


Florists' 


and Appliance Stores 


and Electrical Appliances Repair 


Stores 


Jewellery Stores 


Watch and Jewellery 


Repair Shors 
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696 Liquor, Wine and Beer Stores 
697 Tobacconists 
G99. Retatils Stores ,n.e.S- 


Majcr Group 1+Finance Industries 
701 BANKS AND Other Deposit Accepting Establishments 
703. Other Credit Agencies 
705 Security Brekers and Dealers (including Exchanges) 
707 Investment and Holding Companies 


715 Canadian Offices of Canadian~Incorporated Companies 
Classified as Non~-Canadian 


Major Group 2-Insurance Carriers 


%21 )«6oLnsurance, Carriers 


Major Group 3~Insurance Agencies and Real Estate Industry 


735 Insurance and Real Estate Agencies 
737 Real Estate Operators 


2 oDivision 10-Community, Business and Personal Service 
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Majcr Group 1-Education and Related Services 


801 Kindergardens and Nursery Schools 

802 Elementary and Secondary Schools 

803 Schocls cf Art and of the Performing Arts 

804 Vocational Centers, Trade Schools and Business Colleges 
805 Pcst-Seccndary Ncn-University Educational Institutions 
806 Universities and Colleges 

807 Libraries, Museums and Other Repositories 

809 Education and Related Services,n.e.s. 
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Major Group 2-Health and Welfare Services 


821 Hospitals 

822 Related Health Care Institutions 

823 Offices cf Physicians and Surgeons 

824 Offices of Para-medical Personnel (Practitioners) 
S2OMeOtficesuct ipentists 

826 Diagnostic and Therapeutic Services,n.e.s. 

827 Miscellaneous Health Services 

828 Welfare Organizations 


Major Group 3-Religious Organizations 


831 Religious Organizaticns 


Majer Group 4-Amusement and Recreation Services 


841 Moticn Picture Theatres 

S42 Motion Picture! Production “and Distributicn 

843 Bowling Alleys and Billiard Parlours 

844 Golf Clubs and Ccuntry Clubs 

845 Theatrical /and Other Staged Entertainment Services 
849 WMiscellancous Amusement and Recreation Services 


Ma‘jjcr Group 5-Services to Business Management 


851 Employment Agencies and Personnel Suppliers 
853 Ccmputer Services 

855 Security and Investigation Services 

856 Offices of Accountants 

857 Advertising Services 

863 Offices cf Architects 

864 Engineering and Scientific Services 

866 Offices cf Lawyers and Notaries 

867 Offices c£ Management and Business Consultants 
869 Miscellaneous Services to Business Management 


Major Group 6-Personal Services 


871 Shoe Repair Shops 
872 Barber and Beauty Shcgs 
873. Private Households 
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Laundries, Cleaners and Pressers (except Self-Service) 


Self~Service Laundries and Dry Cleaners 


Funeral Services 
Miscellaneous Personal Services 


Major Group 7-Acccmmodation and Food Services 


Hctels and Motels 

Lodging Houses and Residential Clubs 
Camping Greunds and Trailer Parks 
Restaurants, Caterers and Taverns 


Major Group 8-Miscellaneous Services 


Labour Organizaticns and Trade Associations 


Photographic Services,n.e.S. 
Automobile. and Truck Rental 
Hachinery and Eguipment Rental 
Blacsmithing and Welding Shops 
Niscellanecus Repair Shops 

Services to Buildings and Dwellings 
Hiscellanecus Services,n.e.S. 
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Major Group 1-Federal Administration 


Defence Services 
Other Federal Administration 


Major Group 2-Provincial Administration 
Provincial Administration 


Majer Group 3-Lccal Administration 
Lecal Administration 


Majjcr Group 4-Other Government Offices 


Other Government Offices 
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Divisicn 12~Industry Unspecified or Undefined 


999 Canadian-Incorporated Companies Classified as Non- 
Canadian 
000 Unspecified or Undefined 
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DEPARTMENT OF ENVIRONMENT 
OFFICES CF THE MINISTER 
LEGISLATIVE BUILIING 
EDHONTON 


January, 1973 


Dear Sir or Madam: 


The Alberta Department of The Environment, which is 
charged with the administration and management of the 
province's water resources, is conducting a comprehensive 
survey of industrial water use in Alberta. This is part of 
an ongcing study which was initiated in 1968. 


The enclosed industrial water use questionnaire, when 
completed by your firm, will assist in providing information 
to assess present levels ci water use in the province and to 
project future water demands. It is not the intent to 
publish informaticn by firn, but by industry only. One of 
the fundamental principles governing water management in 
Alberta is that the province's water resources will be 
managed so as to serve the best interests of all Albertans. 
AR prerequisite for scund managenent is accurate, up-to-date 
information. In the interest of obtaining information in a 
reasonable time span, returns are requested within three 
weeks of receipt of the questionnaire. 


If any of the questicns require further clarification, 
please contact either Mr Fred Schulte (425-1130, ext. 232) 
or Mrs. Anke Seifried (425-1130, ext. 233) of tALS 
Department. 

Your coopferation in this survey is appreciated. 


Yours very truly, 


W. J. Yurko, P. Eng. 
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INDUSTRIAL WATER USE 1972 
Retupn ta: 
ALBERTA DEPARTMENT OF THE ENVIRONMENT 
10040 - 1C4 Street 


Edmontcn, Aiberta 
T5J 026 


The Total quantity of water intake in this establishment 
during the entire year 1972 was: (Mark one space only) 

Under 100,000 imperial gallons 
100,000 to 500,000 imperial gallons 
500,000 to 1 willion imperial gallons 
1 to 5 million imperial gallons 

as 


5 to 10 miliicn imperial gallcnus 
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Detailed Industrial Water Use 


Questionnaire: Alberta, 1972 
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~ INDUSTRIAL WATER USE 


12 


ALBERTA DEPARTMENT OF THE ENVIRONMENT 
10040 — 104 Street 

Edmonton, Alberta 

T5J5 026 


RETURN TO 


Name of person we may contact regarding Address (Number,-street, city) Postal code |Telephone No] Extens.cr 
this report 


Signature 


INSTRUCTIONS 


GENERAL — Please report all quantities in imperial gallons. Do not 
report in gallons per minute or gallons per day. 


If no water is used, treated, or discharged, report ‘'None.”’ If your 
records on water used are in cubic feet, convert to gallons (1 cubic foot 
equals 6.2 gallons). Reasonably accurate estimates are acceptable 


If you are in charge of several plants, please request additional question- 
naires from us and fill out one questionnaire per plant. 


Item 1— WATER INTAKE BY KIND AND SOURCE 


1, List water supplied by a water system other than your own (wheth- 
er municipally or privately owned). 


2. through 4. List water obtained from your own water supply system 


3. If you have more than one ground water system (well), please list 
total intake from them. Please list their locations under remarks. 


ttem 11 — WATER INTAKE BY PURPOSE 


1, Process water is all water that comes directly in contact with 
products and/or materiais, including water which is consumed in the 
manufacture of products, 


2, 3, 5, and 6 — Self-explanatory 


4. Include water which is used for cooling and condensing purposes in 
conjunction with the operation of process equipment, but which does 
not come in direct contact with products or materials 


Item Ill—- WATER RECIRCULATED AND REUSED BY PURPOSE 


If no water was recirculated or reused, mark No” on line 1 and skip to 
item 1V 


If you recirculated or reused water, mark ‘Yes’ on line 1 arid report on 
lines 2 through 7 the estimated quantity of water that would have been 


Your remarks would be appreciated 


required if no water had been recirculated or reused. For example: if 
total water intaxe \item |) was 400 million gallons and of this 400 
million gations, 100 milion gallons were used twice for cooling pur- 
poses and once for washing products or materials, the total water 
required would be 300 million gallons (less consumption and evapora- 
tion toss), plus the 300 million gallons not recirculated, for a total of 
600 million gations. Distribute this total (600 million) by the purposes 
for which it was used. 


Item 1V — WATER DISCHARGED BY POINT OF DISCHARGE 


Include all water brought to ultimate discharge point whether treated 
or not. Do not inciude svater held in your ponds, lagoons, or basins, for 
reuse or treatment, until actually discharged. Do not report water 
evaporated or otherwise consumed and not brought to ultimate dis- 
charge point. 


1. Report water discharged to public utility sewer systems, whether 
municipally or privately owned 


2. —Self-exptanatory 


3. Include seepage into ground from your halding ponds, lagoons, etc 
(Note — If water is transferred to an agricultural establishment for 
spray irrigation, report such quantity on line 4). 


4. Include transfers, after your own use, to another establishment of 
either your compeny or another company. 


item VIl—- WATER TREATED BY METHOD OF TREATMENT 


Where requested report total quantity of water treated for — 
— Control of bio:ogical growth 

— Removal of suspenced or dissolved solids 

— Corrosion contro}. 

— Any other purpose by simple or complex methods. 
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ITEM WATER INTAKE 8Y KIND AND SOURCE 


Namen tocaton Imperial! Gallons for 


the Year 


; 150 Name 
Public (municipal) water system 


= 570 Name 
Company surface water system, s277 25 streams or ishes 


7 ations 
Company ground water systams. ¢.2h as wells ZIPCEBtOD) Sec ND Ree. Mars 


TOTAL (Sum of lines 1 through 3 


ITEMI WATER INTAKE 8Y PURPOSE 1972 


Process 


Cooling and Condensing — For s-22™ e ectric power generation 


— For 2+~<onditaning 


— For over coo) ng ans condensing 


Boiler makeup 


Sanitary service and other uses 


TOTAL (Sum of lines 7 through 5 s-auld equal se } line 4! 


ITEM il WATER RECIRCULATED O8 REUSED BY PURPOSE 


1972 


Was any water recirculated or recsec? (eal ~~ If “No” mark "No" and 
:o 
skip to item IV. 


Process 


Cooling and Condensing — For stem™ electric power generation 


— For arssoneitioning 


~ For omer cool ng ans condensing 


Boiler makeup 


Sanitary sarvice and other uses 


TOTAL (Sum of lines 2 through 7! 


ITEM 1V_ WATER DISCHARGED BY POINT OF DISCHARGE 


Public (municipal) utility sewer 


560 Name 


Surface water body, such as stream \ake, etc. i 
is au 


Ground (wells, spray, seepage. et< 


4. Transferred to other users for reuse 


5. TOTAL (Sum of lines 1 through +; 


(TEM V MONTHLY TOTALS 1972 d 
Imperial Gallons for each month 
S Jarceary ‘i CODE [ February CODE March CODE April CODE 
4 +. — —. + — 
1. Water Intake | 320 325 336 335 
1 ——— a | = 
2. Water discharged } $20 | 625 630 635 
= Lees {ee Ee pees 
Max | June | July August 
t 
$$ $$$} —____—_ - 
| | 
1. Water Intake fy Leas 345 350 | 355 
+ 4-—- 3, fo 
2. Water discharged 540 645 650 L 655 
et E= ese 
Septe~ ber October November Oecember 
te — = 7 = Sone ee 
1. Water Intake 370 375 
2. Water discharged S 550 670 675 


i 


wt oor 
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ITEMVI YEAR LY TOTALS 1968 TO 1971 


Imperial Galions for each year 


s = — a 
1968 1969 1970 | 137% 
1. Water Intake 420 430 443 | 459 
7 = 
2. Water discharged 720 730 749 750 


ITEM VII WATER TREATED BY METHOD OF TREATMENT 
A. INTAKEWATER ; yews 


Intake water (included in item |) treated prior to use, 


Water (included in iter 111) treated Srior to recirce 2- 29 oF re_se. 
Exclude water treated only by chlorination. 


1. (Mark one) None treated 


a a Some treated 


2. If some water was treated, enter quantity treated (gallons). 


162 
920 


1 


1, (Mark one) [_] None treazed 
ro 
(imal Some treated 


2. If some water was treated, enter quz 


tty treates sallons 


3. Report quantities treated by method of treatment. 3. Report quantities treated by m 


unknown circle the method's! 


imperial Galic 


Method of treatment 


Imperial Gallons for 
ns f 163 
the year 


Aeration i 928 
Coagulation \ 932 
T 
: 


Method of treatment | 
H the year 


Aeration 


Coagulation 


Filtration 938 Filtration 


Softening 944 | Softening 


Corrosion control 956 Corrosion control 


ae iah 
Settling 968 Settling 
| ee 


—4+ 
{ 
Le Seer 
lon exchange 950 lon exchange 


T 
Other (Specify) 974 Flotation a 


| Other (Specify) 
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C WATER DISCHARGED 
Water (included in item 1V) treated prior to discharge, 
1. (Mark one) (eal None treated 
167 
ee Some treated 
2. If some water was treated, enter quantity treated (gallons). 168 fod 
E 1126 
3. Report quantities treated by method of treatment 3 = 
Imperial Galiors for 
Method of treatment 163 
the yesr 
Coagulation , 1132 
Primary settling 1138 
Secondary settling . | 1144 
Trickling filters 1150 
Activated sludge 1156 
Digestion (waste water, sludges etc.) 1162 
Ponds or lagoons 1168 
pH 1174 
Sand filtration 1220 
Chlorination : 1226 
Flotation i tess 
Other (Specify) ~ 12338 
Footnotes: 
1. When more than one mothod of treatment is reported, the sum of the quantities reported may add to more than the quantity reportad in item Vii A2 
2 When more than one method of treatment is reported, the sum of the quantities reported may add to more than the quactity reported in tem Vi 62 


3. When more than one method of treatment is reporced, the surn of the quantities reported may add to more than the quantity reported in item Vib C2 


Pented by the QUEEN'S PINTER for the 
Province of Alberta, Edmonton 
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Appendix V 


Development and Use of 


Input-Output Analysis in 


Industrial Water Demand Estimation. 
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Historical Develcpment 


Input-output analysis, a research tool as it exists 
today, was not “invented" at one point in time but rather 
evolved over a number of years.? Possibly one of the first 
to consider inter-industry economics was Francois Quesnay. 
Wevtinoein they fide 1700's, )Ouesnay -held” oto, a body «af 
economic theory known as phySiocracy. Those proposing this 
theory were influenced by the contemporary discovery of the 
circulaticn cf the blocd. They attempted to show that the 
self-perpetuating nature cf the economy was due to the 
circular flow. of wealth. .AsS part of his duties as court 
physician to Louis XV, Cuesnay constructed in 1759. his 
Tableau Economique. His tableau essentially divided the 
whole cf society into three classes in order to present 4 
hypothetical scenario cf the transfer of products and money 
throughout the eccnomy. The essentials of Quesnay's Tableau 


are presented in Table V-1. 


One can cbhserve frem Table V-1 that for example, the 


value cf Agriculture's expenditures annually was about 1500 
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livres. Of this amount, 600 livres worth stayed within 


Table V-1 
AN INPUT-OUTEUT PRESENTATION 
OF QUESNAY*S TABLEAU 
(Livres) , 
Purchasing Sector 


Producing Sector Agriculture Industry Land fTfotal Output 


Agricuiture 600 600 300 1500 
Industry 300 300 300 900 
Land 600 0 0 600 
Hotal  sCurput 1500 900 600 3900 


Agriculture itself as consumption by farmers, and for the 
replacement cf feed, seed, and cther forms of capital. The 
remaining 900 livres worth of purchases were 300 livres to 
industry presumably for purchases of implements, and 600 


livres to landlords as rent. 


The Industrial sector on the other hand, has 
expenditures approximating 900 livres annually. Six hundred 
livres of the amount went to Agriculture while the remaining 
300 livres stayed within the “industrial sector itself. 
Landlord's (in the land sector) purchases amounted to about 
600 livres. This amount was split evenly between the 


Agricultural and Industrial Sectors. 


The physiccratic doctrine, then, led by Quesnay, was 


essentially a static view of the whole economy rather than a 
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partial dynamic analysis as employed by his predecessors. 


It was some time before anyone else attempted to 
analyse the econcmy in a Similar fashion to Quesney. Leon 
Walras was the next to take up the cause in his Elements 
in which he departed from the 
partial equilibrium approach of his contemporaries and 
focused his attention on general equilibrium. Walras' main 
thesis was that the unknown prices of goods and services 
could be determined under conditions of pure competttion in 
static equilibrium if one were given the following: 1. 
Utility functions for ‘cach .indaviduals 2. the andividual 
demand and supply functions for each commodity; and 3. the 
technological relations of production. This type of analysis 
provided a broad overview of the economy but there were 
gross rroblens in obtaining the required data such that the 


system was of little practical value. 


The one who put the capstene on intersectoral or 
interindustry relationshirs was Wassily Leontief. He 
essentially used the Walrasian system of static equilibriun 
with the properties of the equality of intersectoral demand 
and supply, free competition were prices equal average cost, 
and most importantly the fixity of technical coefficients. 
These coefficients imply that in any productive process all 


inputs are used in fixed proporations, regardless of the 
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level of output. The major change which Leontief made to the 
Walrasian system was that, in order to reduce the data 
gathering precblem, he aggregated all industries in the 


economy inte a relatively few sectors. 


Fundamental to the Leontief system is the transactions 
or input- output table. Shown on such a table is how the 
output of each industry is distributed amongst other 
industries and sectcrs cf the economy. Also, it shows from 
where the inputs for each industry cr sector are derived. A 
hypothetical input-output table is shown in Table V-2.! An 
explanation of the input-cutput table is as follows. Each 
rows (from lLett™ tag right) shows the output sold hy each 
industry or sector along the left-hand side of the table to 
each industry or sector across the top. Each column (from 
top to bottom) shows the purchases made by each industry or 
sector at the top of the table from the industries or 
sectors on the left. The Processing Sector in the upper 
left-hand ccrner of.| thes ttable| as composed of = those 
industries producing gocds and services. The Payments 
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1. This section is based on: W. H. Miernyk, Elements Of 


Input-Cutput Analysis, (New York: Random House, 1965), page 
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takle and is ccmposed of: 


Gross inventory depletion. This is simply the 
using up during the period of previously 
accumulated SvOCk=s |) Cf raw materials, 
intermediate goods, or finished products. 


Imports. This shows the value of imports Ly each 
sectcr or industry. 


Payments to Government. These take the form of 
taxes, or purchases of government services. 


Depreciation Allowances. These figures are 
approximately equal to the cost of plant and 
equipment used up in the production of the goods 
represented by the table. 


Households. Included here are wages, salaries, 
interest, and such payments made by the 
industries Cr sectcrs aCYrOSSE the fope 10 


households. 


sector, in the upper right-hand 


section of the table, is unigue in that changes which occur 


here are transmitted through the rest of the table. In 


general terms, its components are: 


(a) 


(b) 


(Cc) 


(d) 


Gross inventory accumulation. This column 
represents additions to inventories by each of 
the industries or sectors on the left-hand side 
of the table. 


Exports. In this column are the values of the 
exports during the pericd. 


Government Purchases. These are purchases made 
by all levels of Government. 


Gross private capital formation. These purchases 
are made in order to replace or add to plant and 
equipment. 
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(e) Households. This column represents the purchases 
by households of final goods and services fron 
industries or sectors on the left-hand side of 
the table. 

The Final Demand Sector is essentially the output -.of the 
processing sector which is sold outside the processing 


sector to inccme recipients. 


The Total Gross Outlay row is a summation of the 
purchases made by the industries or sectors at the top of 
the takle while Total Gross Output is simply a summation of 
the sales by the industries cr sectcrs on the left to those 
on the top of the table. From the pcint of view of these two 
portions of the table, it is essential that all entries in 
the table be in value figures. Summations are meaningful in 
value not physical terms. The values used are generally 


producerst prices. The input-output table, then, adopts the 


double-entry ktockkeeping technigue. 


The Gross National Product (GNF) can be determined fron 
the input-outrfut table for a nation. GNP measures only the 
final” transections (of - economy. This is done in order to 
avoid double counting. Hence, if one were to omit the 


intermediate transactions (rows and cclumns 1 through 6 in 


Table V-2) the GNP would be 253 money units rather than 431. 


The model just described is “open as opposed to a 
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"closed" one. A completely closed input-output system is one 
in which there exists no exogenous sectors in the model. 
That is, the sectors which commonly appear as final demand 
columns are inccrporated into the processing matrix. For 
example, “households" could be regarded as an industry 
purchasing cutput from the other sectors in return for labor 
services provided. The other components of final demand 


could be thought cf in the same way. 


There is a problem which arises from the at l= 
encompassing, ccupletely closed input-output system. Not all 
sectors of the economy have their transactions based on 
technical relationships with cther sectors. For ail levels 
of government, for example, the factors determining their 
transactions are political rather than technical in nature. 
Likewise experts are dependent on nontechnical factors and 
as such are placed outside of the precessing sector. Similar 
justification can be given for all sectors commcnly found in 


the Final Demand Sector. 


Lable of pireee Coefficierts 
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Once an input-output table has been constructed, a 
table ‘of ‘technical coefficients can’ be’ produced for the 
processing sector. Essentially each technical coefficient 


(ajj) states the value of sector i's production required by 
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sector j for the latter to produce ae eeaiiatee wWoOLthr yor 
output. The Gress Output sector must be adjusted by 
subtracting inventcry depletion to obtain adjusted gross 
output values. Once this has been accomplished the technical 
coefficient is determined by simply dividing all the entries 
in each industry's column by the adjusted gross output for 
that industry. Table 3 shcws the technical coefficients for 


the model being discussed. The entries in Table V-3 are also 


Table ¥-3 
TABLE OF TECHNICAL COEFFICIENTS 


Industries Purchasing 
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called the "Direct Purchases per Dollar of Output". The 
monetary units could be dropped and the coefficients 
regarded in percentage terms. Table V-3 states that if 
sector F decides to increase its production by $100,000, 
then, in order to affect this increase, it must purchase 
directly from industries A, By, C, D, and of its own product 
respectively thirteen, eighteen, seven, nine, four, and 


thirteen thousand dollars* worth of output. The total 
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increase in the value cf these direct inputs resulting fron 


the $100,000 increase in sector F's output is $64,000. 


Certain stability conditions are required of the table 
of direct coefficients. These conditions require “that at 
least one column in the table add up to less than unity and 
that nce column in the table add to more than unity. The 
proof of these conditions is complex and beyond the scope of 


this thesis. 


There are indirect as well as direct affects from an 
increase in the output cof an industry. The direct affects 
can be thought of as the first round in a series. Since the 
output of ‘industries A through F have increased due to the 
increase in industry F's output, so must their purchases 
have increased tc bring about this required increase in 
Gubputavthisvisercdndwtwor® These *’*rotnds* *couldy go 7vone*to 


PHL ty. 


Rather than adding up these "rcunds" to infinity, there 
is a more simple, alternative method. This involves taking 
the difference between an identity matrix and the technical 
coefficients matrix and deriving a transposed inverse 
Mecor sk. The resulting matrix, called the “inverted Leontief 


matrix", shows the total requirements both direct and 
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indirect per dcllar of delivery outside the processing 


sector, ie to final demand. The result is Table V-4. Each 


Table V-4 


TIRECT AND INDIRECT REQUIREMENTS 
PER DOLLAR OF FINAL DEMAND 
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time industry F sells an additional dollars worth of output 
to a member of the final demand sector, the output of 
LBGUStIVeceA, Bel C, etc. increases by $0.38, $0.35, ° $0.22, 


etc. 


As with the Table of Direct Coefficients, the Table of 
Direct and Indirect Coefficients must satisfy certain 
Stability conditions. The fundamental stability condition, 
known as the “Hawkins-Sinon condition" is that there be no 
hegative entries in the Table ef Direct and Indirect 
Reguirements. If there were a ee entry, it would mean 
essentially that each tine the "negative" industry increased 
its sales to final demand, the direct and indirect 
requirements needed for this increased output would 


decrease. This is not realistic. 
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The Leontief model is really ay OeCSCLipti One Ol fa 
production function simplified sufficiently to make the 
model usable empirically. In addition to the Walrasian 
assumptions regarding eerie equilibriun and pure 
competition, the special asumptions which aid in this 
Simplicity are: 1) Each ccnumodity is produced by a_ single 
sector; 2) There are ne externalities; 3) The production 
function is linear; and 4) Technology is constant. 

These assumptions have been discussed at great length.! It 
is beyond the scope of this thesis to carry on a sinilar 


discussion. 


Multiplier or Impact Analysis. 
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One type of multirlier is the Simple sectoral 
multiplier. This multiplier shows the total direct and 
indirect effect on grcss cutput of an increase in final 
demand in an industry. This multiplier is determined by 
ie wiegm die entries in the respective column ot = (f-s)—* 


representing the sector with increased final demand. 


Income nultipliers are determined in a slightly 
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1. For example see: H. C. Davis, op.cit., page 20. 
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different fashion. The househcld sector is inserted into the 
processing sector from the payments and final denand 
sectors. New tables Cle Doth direct, and indirect 
requirements are formed in the same way as mentioned 
earlier. Two kinds cf income multipliers result: a “simple" 
income multiplier and a "full" income multiplier. The simple 
income multiplier is a measure of the direct and indirect 
effects on income of a change in final demand. The full 
income multiplier in addition measures the induced income 


effects. 


Linkage Effects 


<n = eae 


The backward and forward linkages in an industry can be 
measured by use cf input-output analysis. Very briefly, 
backward linkages for an industry are determined by finding 
the ratio of interindustry purchases to total production for 
that industry while foreward linkages are given by the ratio 


of interindustry sales to total production. 
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forecasting. Given the inverse of the Leontief matrix, and a 
vector of final demand, one can forecast the gross output 


required to meet that final demand. Let X be the gross 
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output required, (I-A)~! the inverted Leontief matrix, and Y 
a vector of final demand. If one were to project a vector of 
final demand, say for the year 1980, and assumed that the 
(I-A)~! matrix was constant, one could determine the vector 
of gross output required to meet that final demand by: 


= 1960) = aCi=A)s + Y 


An extension of this property cf input-output analysis, 
andthe One Whiechy thi ce spancrayr Saollal avout. sas that of 
forecasting primary input requirements. Take the example of 
estimating the demand for water in industry. Suppose that, 
as above, there jwere a vector X {989 already in existance. 
Suppose further that one had to determine the quantity of 
water required in 1980 by industry to meet the requirements 


Gray - How would one gc about the task? 


The salient factor in estimating industrial water 
demands by the use of input-output techniques is that of the 
water-use coefficient. This coefficient, usually in physical 
terms, states the number acre-feet (or gallons etc.) of 
water necessary in the industrial process to produce a 
certain value (in dollars) of output. These coefficients 
will appear as a row vector (i) inthe third quadrant of the 


transactions table. Therefore, the total amount of water 


required (W#) can be determined by (method 1): 


W 1980 = ¥ * 1980 
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An alternative method of performing this estimation uses a 
diagonal matrix, rather than a rcw vector of water-use 
coefficient. It also used a Summation vector (method 2). 
Both methods will be demcnstrated in the follcwing section. 


AN EMPERICAL EXAWPLE 


Phe Input-Output Table 


For purposes of this study, an aggregated form of the 
1962 Alberta Input-Output Table will be used.1 The ccmplete 
input-cutput table contains the dissaggregated components of 
the Mining and Nanufacturing industries. Again, the 
aggregated YVersicn: of this~ table is used. salely. fox 
demonstrating how one might use Anput=-output»sanalysas 6 
forecast industrial water demands. The consolidated input- 
output table is shown in Table V-5. The unbracketted numbers 
represent values of transactions in thousands of dollars at 
producer's prices. The numbers in brackets are the direct 
requirement coefficients (the A matrix). Table V-6 is the 
table of direct and indirect reguirements per dollar of 


final demand. 


(Calgary: University, of Calgary, 1962). 
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fable V-6 


CONSOLIDATED WRIGHT INPUT/OUTPUT TABLE ~- INVERSE MATRIX 


1 ie 2 u 5 6 ; 

1 Agriculture 

Forestry Reto, @.WUG 597i 2016) “006 2.008 ~s004 
2. HManing OU 2 ele tee S os? Gee OSU 6. Osean 60 1d 
3. Food Processing 7039) 2003". 848" 7007 002-2002 0 
4. Manufacturing eUtiiemen 034 477 (088 —-.074 013% 
5. Constructicn <U2cow sO cemoues § 0091. 006 2039 7.008 
65, 2ransportaticn 

Conmmunication Pei ite. wicOrrsed (2 O64 2 IV2h 10st 0g 7 
Te Utilities 


Services -O84G .104 .074 .087 1.067 .164 1.050 
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LomeOLde Det nat this demonstration be completed 
hypothetical water-use coefficients will be used. Their 
value is not so much in their accuracy as in their ability 
to fulfill the purpose of this section. These coefficients 


are shcwn in Table 7. 
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Table V~-?7 
HYFOTHETICAL WATER-USE COEFFICIENTS 


Acre-feet per thousand 
sectcr No. (1972)) doltars of output 


1. Agriculture/Forestry 100 
2. Mining 

3. Food Processing 

4. Manufacturing 

Det CONStLUCTL OH 

6. Transportation/Communication 
7. UtilitiesyServices 
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Again, for demonstration purposes, a hypothetical 
vector of final demand is used. This vector is presented in 


Table V-8. 


Table V-8 
HYPOTHETICAL FINAL DEMAND VECTOR, 1980 


Final Demand 
Sector No. Thousand (1972) Dollars 


400,000 
600,000 
600,000 
1,000,000 
800,000 
100,000 
1,300,000 
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The first step in estimating the water requirements is 
that cf determining the level of output (xX) necessary to 
achieve the projected final demand. Again, this is achieved 
bys 


X i980 = (-A) * ¥F 1g 


The X 1980 vector is shown in Table V-9. Once the vector of 


fable vV-9 
THE REQUIRED OUTPUT LEVEL 


1980 Required level of output: 


Sector No. Thousands (1972) Dollars 
1 862,300 
2 744,100 
3 553 70.00 
u 629,500 
és §65,500 
6 580, 400 
7 1,606,400 


gross output is determined, the amount of water required is 
(estimated according to method 1) by: 
W=w X 

That is, W is the total amount of water required by all 
industries in crder to deliver the projected final demands 
for each industry. The amcunt of water required by the first 
industry for example is given by: 

W? = wi Xi 


The water reguirements of industry one are about 86 billion 
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acre-feet while tctal requirements by all industries are 


about 100 billion acre-feet. 


An alternative procedure (method 2) is available. The 
matrix of direct and indirect requirements per dollar of 
final demand is post multiplied by a diagcnal matrix (D) 
consisting of water-use ccefficients on the diagonal and 
zeros everywhere else. The resulting matrix is then post- 
multiplied by a summaticn vector (a column of ones) and the 
result shows the amount cf water per dollar of Sn sil demand 
for each industry. By multiplying these numbers by the 
Lespective Lineal demand estimates, one is able to project 
the amcunt of water needed by sector.. According to this 
procedure the water requirements by industry and total for 


1980 will be: 


Water Requirements 
Sector wo. Acre~feet, 1980 


86,230,000 
1,488,200 
1,106,000 
4,406,500 
2,596,500 

580,400 

. 3,212,800 
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Total | 99,610,400 
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CONCLUSIONS 


The major conclusion to be drawn from the foregoing is 
that input-output analysis is a useful tool for estimating 
industrial water demands. Inherent in its ie wiles 45 the 
linking up cf the demand for industrial water with the 
demand for the product of which it is a factor. Hence if the 
demand for the product changes , there will be a 
proportionate change in the use of all inputs, including 


water. 


Input-output analysis, or interindustry analysis as it 
is sometimes called, has one other particularly useful 
element with regard to estimating industrial water demands. 
If the demand for the industry‘s output changes, the effect 
is felt not only directly but also indirectly through the 
series of *rounds' resulting. Therefore input-output 
analysis aids one in accounting for both the direct and 
indirect reguirements fer water as a result of a change in 


final demand. 


This type of analysis is of particular significance in 
Alberta. Since the price of the majority of industrial water 
approaches zero, demand estimations must be made using 
nonprice criteria. If one has some confidence in the input- 


output table used, and the water-use coefficients derived, 
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then industrial water demands based on this technigue should 


yield meaningful results. 
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Appendix VI 


Derivation of the Weighted Moving 


Average Formula. 
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erivation of the Weighted Moving Average Formula. 


a 4 en 


Given industrial water demand data for periods 1,2,3, 
and 4, for example, that for the 5th period can be eStimated 
as follows.! 

Let: 
WD! be the industrial water demand in period 1, 
WwDe be the industrial water demand in period 2, 
WD3 be the industrial water demand in period 3, and 


HD* be the industrial water demand in period 4. 


Also, let X be the long term average trend = (WD*-WD!)/3 
Let Y be the more recent average trend = (WD*-WD$%) 
then, 


HDS = WD* + (X+¥)/2 


WD + ((HD* - WEL)/3 + (WD* = HD3)) 72 


tt 


WD* + (4HD* - 3HD3 - WDt) /6 
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1. Alberta Department of Municipal Affairs, Population I- 
Trends, (Edmonton: Queens Frinter), p. 1. 
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Appendix VII 


Projected Water Demands 
Extrapolation Procedure, 
Selected Industries, 


Alberta, 1973-1980 
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Projected Water Demand: 


Food and Beverage Industry, 


ALDeGrta, 1373 lon 1780. 


Year 


TENS 
1974 
1975 
1976 
hier 
eis 
1279 


12980 


(7000 acre-feet) 


Water Demand 


3° 


36 
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Table ViI-2 


Projected Water Demand: 


Faper and Allied Industries, 


Year 


173 
1974 
1375 
1976 
177 
1376 
4579 


1980 


Alberta, 1973-1 


(*000 acre-fee 


Hater 


980 


t) 


Demand 


134 
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Table VII-3 


Projected Water Demands: 


Primary Metals Industry, 


Year 


1973 


1974 


13975 


1216 


1900 


1978 


gS i A) 


1980 


Alberta, 1973-1980 


(acre-feet) 


Water Demand 


5280 
5490 
5700 
IUEEO 
6150 
6360 
6780 


7020 
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Table viIrI-4 


Projected Water Demand: 


OTL CExtracticirtindustay, 


Year 


Hoes 
1974 
1975 
139576 
T3977 
1978 
USES 


1980 


Alberta, 1973-1980 


("000 acre-feet) 


Water Demand 


68 
74 
79 
85 
on 
96 
102 


108 


164 
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Table VII-5 


Projected Water Demand: 
Non-Metallic Minerals Industry, 
Alberta, 1973-1980 


(‘000 acre-feet) 


Year Water Demand 
T9373 53 
1974 &5 
12S Si, 
1976 59 
1977 61 
1978 63 
19°79 65 
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Frojected Water Demands: 


Year 


Petroleum Industry, 
Alberta, 1973-1980 


(£000 acre-feet) 


Hater Demand 


42 
43 
ay 
46 
47 
49 
50 


51 
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Table Vii-7 


Projected Water Demand: 
Chemical Industry, 
Atberta, “19/3-—1980 


(*000 acre-feet) 


Year Water Demand 
1973 ve 
1974 70 
1975 68 
1976 66 
yee 64 
1978 63 
1999 60 


1960 58 
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Appendix VIII 


Tabulated Industrial Water Demand 
Survey Results: Two— 
And Three-Digit Industries. 


BAperta, £19725 
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TABLE V11 - 1 


LOCATION OF MAJOR USING FIRMS 
TWO-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Numer oF Firms ) 


URBAN CENTER 


INDUSTRY Perr rae Y canbe ica ikexiel| ? al a 
EDMONTON |CALGARY | LETHBRIDGE | MEDICINE | GRANDE | PEACE | ED OTHER TOTAL 
HAT PRAIRIE| RIVER | DEER 
FOOD AND BEVERAGE 31 28 18 5 4 1 | 10 15 ) ali 
tae 2 she af _ J iH al a 
| 
RUBBER AND PLACTICS 3 4 1 iy 8 
PRODUCTS tt ae et 
i | 
LEATHER 2 2 
= | ie atl es 2 i 2 
| 
CLOTHING 1 Hd 
— - - _ | | + _ ——- + =i 
WOOD INDUSTRIES 2 2 1 | ee 8 
fin “ = —T Seal} 
FURNITURE 1 | A 
cee te say |b —nyonitbeeneolfecpee wml 
PAPER 2 6 | 3 11 
apes becall | 
PRINTING | 3 
| Sted | oe if 
| 
PRIMARY METAL 1 2 | be 
wa f i. ii ? 
METAL FABRICATING | 13 
2 | i 
MACHINERY | 1 
— Ss SS = be = 42 
TRANS. EQUIP. | | 4 
pee = Salt { ee 
| | 
ELECTRICAL PRODUCTS | 5 
: dL. Phos |-eaw — renleetie 
| | 
PETROLEUM | ae 
= — - ———- +- ——— — 
CHEMICAL | 


MISCELLANEOUS MANU- 
FACTURERS 


MINERAL FUELS 


QUARKIES AND SAND PITS 


NON-METALLIC MINERAL 


TOTAL 


TABLE V111 - 2 


LOCATION OF MAJOR WATER-USING FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY URBAN CENTER 


ALBERTA, 1972 


( NumBer oF Firs ) 


INDUSTRY 5 ae 5 7 


RIVER BASIN 
os ae = mn , 
EDMONTON CALGARY LETHBRIDGE MEDICINE | GRANDE PEACE RED OTHER 
HAT PRAIRIE RIVER | DEER 


COAL MINES 


NATURAL GAS 


OIL WELLS 


MEAT AND POULTRY 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


FLOUR AND BREAKFAST 
CEREAL 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


BEVERAGE 


CLAY PRODUCTS 


CEMENT 


CONCRETE 


READY MIX 


MISCELLANEOUS 
MANUFACTURING 


TOTAL 
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INDUSTRY 


FOOD AND BEVERAGE 


TABLE V111 - 3 
LOCATION OF MINOR WATER-USING FIRMS 
TWO-DIGIT INDUSTRIES, ©) URBAN CENTER 
ALBERTA, 
( NuMBER oF FrrMs ) 


URBAN 


| PEACE 
| RIVER 


RUBBER AND PLASTICS 
_ PRODUCTS 


LEATHER 


CLOTHING 


WOOD INDUSTRIES 


FURNITURE 


PAPER 


PRINTING 


PRIMARY METAL 


METAL FABRICATING 


MACHINERY 


TRANS. EQUIP. 


ELECTRICAL PRODUCTS 


PETROLEUM 


CHEMICAL 


MISCELLANEOUS MANU- 
FACTURERS 


MINERAL FUELS 
QUARRIES AND SAND PITS 


NON-METALLIC MINERAL 


TOTAL 


i re ral | =T | 


A RLIMNGSBGGCCEDERERGRED: 
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TABLE V1U1 - 4 


LOCATION OF MAJOR WATER USING FIRMS 


TWO-DIGIT 


INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( NumBer oF Firms ) 


RIVER BASIN 


INDUSTRY 
PEACE RIVER| ATHABASCA | NORTH SASK. | RED DEER nee SASK. | TOTAL 
FOOD AND BEVERAGE 5 38 ‘i 58 112 
RUBBER AND PLASTICS 3 5 8 
PRODUCTS mt BA = 
LEATHER 2 2 
ie 
CLOTHING 1 1 
WOOD INDUSTRIES 1 1 2 4 8 
FURNITURE | 1 1 
PAPER | 1 4 | | 6 ll 
PRINTING | | 3 3 
PRIMARY METAL 5 8 13 
i 2 = : 
METAL FABRICATING 7 ieee 13 
MACHINERY 1 1 
TRANS. EQUIP. | 2 2 4 
a a os Ss i SSS | 

ELECTRICAL PRODUCTS | 5 5 

= — —__—— + — - = — 
NON-METALLIC MINERAL 4 20 2 | 29 55 
PETROLEUM 5 1 = 3 9 
CHEMICAL | 16 6 22 

= = — — Ee _~ —_ _ _ 
MISCELLANEOUS MANU- | 2 
FACTURERS ; AL) | renee oe Se eee oe a yas ane 
MINERAL FUELS . Ny) 27 30 31 34 139 
a es — ieee! = ——— cee oo - - ae —————— 

QUARRIES AND SAND PITS 1 M 7 13 
TOTAL 28 29 142 45 178 442 


io3 


TABLE V111 - 5 


LOCATION OF MAJOR WATER-USING FIRMS 
SELECTED THREE-DiGIT INDUSTRIES, BY RIVER FASIN 


ALBERTA, 1972 


( Numper oF FirMs ) 


RIVER BASIN 


INDUSTRY 
PEACE RIVER | ATHABASCA NORTH SASK. | RED DEER SOUTH SASK. | TOTAL 
COAL MINES 2 1 3 6 
NATURAL GAS 10 11 10 18 18 67 
OIL WELLS 5 16 20 12 13 66 
MEAT AND POULTRY 1 | 10 4 17 32 
| ee 
FRUIT AND VEGETABLE 1 | 4 5 
DAIRY PRODUCTS 2 iil | 4 8 25 
| 
‘ne T 

FLOUR AND BREAKFAST : : 
CEREAL 

= ale 
FEED INDUSTRY : ‘i ; f 
BAKERY PRODUCTS F ; é 
MISCELLANEOUS FOOD | A b 2 
RES 2 9 2 14 27 
CLAY PRODUCTS : ( f 6 

2 st 3 

CONCRETE ; 3 ae 
READY MIX 8 2 10 24 

| 2 it 3 

Z = i aoe = — + = 

| v2 2 
MISCELLANEOUS , 1 
MANUFACTURING q 

a Ee aes! a aes ee ee 

TOTAL 26 27 88 44 121 306 
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TABLE V111 - 6 


LOCATION OF MINOR WATER-USING FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 


ALBERTA, 


1972 


( NuMBer oF Firs ) 


RIVER BASIN 
INDUSTRY PEACE RIVER | ATHABASCA NORTH SASK, | RED DEER SOUTH SASK. TOTAL 
FOOD AND BEVERAGE 2 2 7? 4 10 
RUBBER AND PLASTICS 2 2 4 
PRODUCTS 
< | 2 

LE 1 

ATHER a 2 2 2 6 
CLOTHING 1 
WOOD INDUSTRIES 2 2 2 
FURNITURE 2 
PAPER 2 
PRINTING 2 | 2 2 

Re aif 
PRIMARY METAL 2 | 
4 eee 
METAL FABRICATING 2 2 2 
MACHINERY 2 1 
TRANS. EQUIP. 2 2 
ELECTRICAL PRODUCTS 2 
PETROLEUM Z 
CHEMICAL di 
MISCELLANEOUS 2 2 2 
MANUFACTURERS _ ES a 2 5 alle Rs coon 3 
TEXTILES i 
Sa = = See a= ee = SER: VENA WE MeL ve soe Se 

QUARRIES AND SAND PITS | 
NON-METALLIC MINERAL 2 2 
TOTAL 10 a 33 17 


TABLE V111 - 7 ; 


WATER INTAKE BY MAJOR FIRMS 
TWO-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 
= STS = - + = — 4 a —— 
INDUSTRY EDMONTON | CALGARY | LETHBRIDGE | MEDICINE | GRANDE 'PEACE 
HAT PRAIRIE |RIVER 
FOOD AND BEVERAGE 5973 7006 2438 825 68 11 888 | 5020 22229 
RUBBER AND PLASTICS 39 856 249 1144 
PRODUCTS = ; 
LEATHER 153 153 
= — | a + + + 
CLOTHING 14 | | | 14 
WOOD INDUSTRIES 54 13 60 54 189 
—_ 2 eae S si i 
FURNITURE 6 6 
Et) = a = { = 
PAPER 480 747 | 29280 | 30507 
PRINTING 60 
PRIMARY METAL 3943 4542 
METAL FABRICATING | Sars 
— + 
MACHINERY . 85 
sifu 
384 
ELECTRICAL PROD. 310 
an er ee 
2 1308 | 4239 
229 33371 
6760 717212 


MISCELLANEOUS MANUFAC- 
TURERS 


MINERAL FUELS 100617 101011 


QUARRIES AND SAND PITS 


5 12 


TOTAL 


890 147216 269799 


TABLE V1U1 - 8 


WATER INTAKE BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY URBAN CENTER 


ALBERTA, 1972 


( Acre ~- Feet ) 


URBAN CENTER 
ve z ~ ———+ aes ss 
INDUSTRY EDMONTON CALGARY LETHBRIDGE | MEDICINE GRANDE PEACE RED OTHER TOTAL 
HAT PRAIRIE RIVER DEER 
COAL MINES 84 | 1932 2016 
: i Ee 
NATURAL GAS 610 41217 41,827 
OIL WELLS | | 57169 57169 
{ 
1 = 
MEAT AND POULTRY 3576 3472 1098 620 | 542 9341 
| 
| at { IL ks 
FRUIT AND VEGETABLE 15 504 416 935 
: i a a 
DAIRY PRODUCTS 420 448 110 47 tu elk 306 104 1457 
Se 7 + aa! —— 
FLOUR AND BREAKFAST 
cee 30 8 | 3 41 
ae 
FEED INDUSTRY 551 6 11 29 397 
= 2 a + 
BAKERY PRODUCTS 72 22 | 94 
MISCELLANEOUS FOOD 11 76 
BEVERAGE 1328 2952 
CLAY PRODUCTS 2 
CEMENT 435 
CONCRETE 175 91 
READY MIX 30 1621 
126 
MISCELLANEOUS r 64 
__MANUFACTURING _ face ae aie Meee | 
TOTAL 6825 9392 106743 | 127580 


nL) 


HREDRBOECOLE 


we ae vf fits hah BBUECEDY | 
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TABLE V1 - 9 


WATER INTAKE BY MINOR FIRMS 
TVR-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


ee ee co ell 


URBAN CENTER 
INDUSTRY CALGARY | LETHBRIDGE! MEDICINE | GRANDE | RED | OTHER 
| HAT PRAIRIE DEER | 
FOOD AND BEVERAGE 41 60 j 17 7 2 7 | 244 378 
oe ee me = = i : i le at | 
| 
RUBBER AND PLASTICS 11 li 2 24 
= oe oe zs i ; i f te 
LEATHER Z 1 | thei 6 10 
4 a ae wed at 4 it 
| iS | 
CLOTHING 8 4 | | 12 
i ' | 
; i ‘" <= = =) T T 
i { | 
WOOD INDUSTRIES 8 10 1 il 5 1 | 36 62 
= pale = IL 7 1 ! 
FURNITURE 28 a7 2 1 6 53 


} 
PAPER 1 1 | 
= 4 
} 
PRINTING 15 25 2 
Sil 1 
PRIMARY METAL 1 1 | 1 
a Be lee | 
METAL FABRICATING 65 48 6 | 
1 
MACHINERY 14 2 1 | 
| T 
TRANS. EQUIP. 9 9 5 | 
— — > | 
ELECTRICAL PROD. 7 8 
: - = 4 
NON-METALLIC MINERAL 29 
I 
PETROLEUM 2 
CHEMICAL 5 
MISC. MANUFAC. 27 
TEXTILES 2 7 1 
QUARRIES AND SAND PIT: 
TOTAL 270 27 41 


ie 
eticners 


TABLE V111 - 10 


WATER INTAKE BY MAJOR FIRMS 
THO-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 
INDUSTRY PEACE RIVER | ATHABASCA | NORTH SASK. | RED DEER SOUTH SASK. | TOTAL 
FOOD AND BEVERAGE 79 6014 902 15234 22229 
= =f ~ 
RUBBER AND PLASTICS 39 1105 1144 
LEATHER 153 | 153 
CLOTHING 14 14 
+ 
WOOD INDUSTRIES 60 11 54 64 189 
: oe x2 3 
FURNITURE 6 6 
PAPER 29277 516 774 30507 
=e fe ; |: er ae ees 
PRINTING | | 60 | 60 
E a ‘ae 
PRIMARY METAL | | 4190 352 4542 
METAL FABRICATING 90 153 
~ ils (ara 
MACHINERY | "85 | 85 
: ede =2 7 
} 
TRANS. EQUIP. | 322 | 384 
SCs ee z a erat cE 
ELECTRICAL PROD. | 310 | *%310 
ss cere! ies. : af i} LAS eee it — 
NON-METALLIC MINERAL 8 | 3072 | 4339 
a = EY — ice + — = 
| 
PETROLEUM 45 | 25686 33371 
CHEMICAL | 52824 71112 
z aes at : Sia 
MISCELLANEOUS ron 
_ MANUFACTURERS _ Wet UY eee peek MASP Oa eee Dae 
MINERAL FUELS 6984 | 5294 101011 
QUARRIES AND SAND PITS 7 13 
TOTAL 7939 105278 269799 


SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 


TABLE V111 - 11 


WATER INTASE BY MAJOR FIRMS 


ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 
| } 
INDUSTRY PEACE RIVER | ATHABASCA | NORTE SASK, RED DEER SOUTH SASK. | TOTAL 
COAL MINES 1826 ee 189 2016 
- 
{ { 
NATURAL GAS 6900 26257) eal 660 | 4140 3870 41827 
OIL WELLS 2290 22240 28560 | 2844 1235 57169 
] } 
MEAT AND POULTRY 33 | 3520 536 5202 9341 
se | : 
FRUIT AND VEGETABLE 15 920 935 
{ 
DAIRY PRODUCTS 22 1 539 320 576 1457 
Pri ™ | | 
FL FAS | | | 
OUR AND BREAKFAST 
H a 
CEREAL _ a 2 25 | eas 
| 
FEED INDUSTRY foe, ot nf ae 
E | tan = | 
{ 
BAKERY PRODUCTS 72 22 94 
Ss SSS | pees 2s 
MISCELLANEOUS FOOD 11 4792 4803 
{ | 
| | i ‘ 
BEVERAGE 24 | 1252 | 18 3668 4961 
CLAY PRODUCTS | 2 | 75 77 
: ee eee 4 ae 
| | 
810 432 | 1302 
a 4 ie [ees Se ae ee 
CONCRETE 175 402 | 576 
= pee). eh eS he - ne asia eo MiaM| serene os =e 
READY MIX 32 40 8 1680 1760 
ree S| as = Se eee oe [Lee ee Se 
140 14 i sy 
2 ee eee (ears s | Ee eestiee | Me ee wat eee i = as 
| 406 406 
Pee eee era eee || a = = | 
| i] 
MISCELLANEOUS MANUFACTURERS 64 | 64 
S cage = * =2 ts — ~ = cs = ———— 
TOTAL 11127 .48697 | 36661 7895 23600 127580 
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TABLE V111 - 12 


WATER INTAKE BY MINOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - FeeT ) 


RIVER BASIN 
INDUSTRY PEACE RIVER | ATHABASCA | NORTH SASK. | RED DEER SOUTH SASK. | TOTAL 
| 
FOOD AND BEVERAGE 114 19 238 378 
RUBBER AND PLASTICS 12 12 24 
LEATHER 5 2 3 10 
TEXTILES 2 10 12 
CLOTHING 8 | 4 12 
WOOD INDUSTRIES 20 2 28 62 
FURNITURE 33 20 53 
a a 
PAPER 15 15 30 
2 | we 
PRINTING 24 3 45 74 
; iam WM 
PRIMARY METAL 2 4 6 
METAL FABRIC 101 2 86 191 
ee Bae Ser Ps 
MACHINERY 32 1 5 | 28 
TRANS.- EQUIP. 16 5 | 27 48 
ELECTRICAL PROD. 8 | 10 118 
a Sel Oo = = = —4- <= 
NON-METALLIC MINERAL 62 3 I ess 120 
PETROLEUM 4 3 7 
CHEMICAL 5 | 13 18 
2 90 Re ae VENT rs ig STA oer 

MISCELLANEOUS MANUF. 33 2 | 31 69 
TOTAL 486 39 609 1160 


ra}eye “ted; 3 bi ls 


TABLE V111 - 13 


SURFACE WATER INTAKE BY MOR FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER FASIN 


ALBERTA, 1972 


( ACRE - Feet ) 


RIVER BASIN 
INDUSTRY PEACE RIVER ATHABASCA NORTH SASK. | RED DEER SOUTH SASK. TOTAL 
FOOD AND BEVERAGE 337 3370 
pearl a), Se = 
RUBBER AND PLASTICS | | 
LEATHER 
#5) t 
CLOTHING | | | 
WOOD INDUSTRY 
mei S 
FURNITURE 
PAPER 24217 174 24391 
PRINTING 


PRIMARY METAL 


METAL FABRIC 


MACHINERY 


TRANS. EQUIP. 


ELECTRICAL PRODUCTS 


NON-METALLIC MINERAL 1554 
PETROLEUM 7347 17 33026 
CHEMICAL 5 16916 19553 
MISCELLANEOUS 
_ MANUFACTURERS _ e 7 a ee. pee be - i) 7 
QUARRIES AND SAND PITS : ; 
MINERAL FUELS 7750 47140 23955 87294 
TOTAL 7750 71357 4393 169190 
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TABLE V111 - 14 


SURFACE WATER INTAKE BY MOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


INDUSTRY ali wee 
PEACE RIVER ATHABASCA NORTH SASK. 


RED DEER |e SASK. 


COAL MINES 


NATURAL GAS 


OIL WELLS 


MEAT AND POULTRY 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


| FLOUR AND BREAKFAST 
CEREAL 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


BEVERAGE 


CLAY PRODUCTS 


CEMENT 


CONCRETE 


READY MIX 


MLSCELLANEOUS 
MANUFACTURING 


TOTAL 


die 


TABLE V111 - 35 


GROUND WATER INTAKE BY MAJOR FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 
INDUSTRY I, 
PEACE RIVER | ATHABASCA | NORTH SASK. | RED DEER SOUTH SASK. TOTAL 
FOOD AND BEVERAGE | Be soe diee 
RUBBER AND PALSTICS | ni 
LEATHER | 
CLOTHING 
#2 a | 
WOOD INDUSTRY 
FURNITURE 
rial 
ew | HE 
PRINTING 
ey} 2, 1 
PRIMARY METAL 
d ! | eee ed: ee eee Oe | ae eee A | 
METAL FABRIC | | 
= |e , mele al 
MACHINERY | 
sees See. eae it 
TRANS. EQUIP. | 
ELECTRICAL PRODUCTS | 
- - — os -—— ~-——t-— 4 - ~— —— ——— 
107 | 466 573 
| pis ee pares |S oe ees ie 
188 17 205 
Send eee ee ae pee Bri te ee. eee oat 
CHEMICAL 4 | 48926 48930 
3% pak att re : eet ee eel ee es te = ibe = ae llee eae £ 
MINERAL FUELS 2568 | 1357 5166 1712 | 1342 12145 
sate eo hl AE |. Cn I PREP Seon : J Eee ies 27S. | ee Bae eh eae 
QUARRIES AND SAND PITS | 2 | 1 3 
ae 5 S| oe : aa ee ee ee a eee eo 
64912 


TOTAL 2568 1357 5467 1785 | 38735 


INDUSTRY 


COAL MINES 


TABLE V11 - 16 © 


GROUWD WATER INTAXE BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


{ 
PEACE RIVER ATHABASCA NORTH SASK. RED DEER 
| 


SOUTH SASK. 


NATURAL GAS 


OIL WELLS 


MEAT AND POULTRY 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


FLOUR AND BREAKFAST 
CEREAL 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


BEVERAGE 


CLAY PRODUCTS 


CEMENT 


READY MIX 


GLASS 


MISCELLANEOUS 
MANUFACTURENC ___ 


TOTAL 


TABLE VILL - 7 


MUNICIPAL WATER INTAKE BY MWOR FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


INDUSTRY PEACE RIVER | ATHABASCA | NORTH SASK. | RED DEER SOUTH SASK. | TOTAL 
FOOD AND BEVERAGE “ ae hare 
RUBBER AND PLASTICS PRO. set nie 
LEATHER 153 
CLOTHING me 
WOOD INDUSTRY 600 ll 54 64 189 
— reve A settee —_+— 
FURNITURE 6 6 
== = t 
paves 5000 342 774 | 6136 
| 
- = =" =r : . — — — 
PRINTING e 60 60 
- Laat eu ik } 5 L 
PRIMARY METAL 4190 | 352 4542 
= — — = = alee == See oe os + Sse + -—-- = SE 
METAL FABRIC 
MACHINERY 


TRANS. EQUIP. 


ELECTRICAL PRODUCTS 


NON-METALLIC MINERAL 


PETROLEUM 


CHEMICAL 


MISCELLANEOUS MANUFACTURIN 


QUARRIES AND SAND .PITS 


MINERAL FUELS 


re | 


Se ares are 


TABLE V111 - 18 


MUNICIPAL WATER INTAKE BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 
INDUSTRY PEACE RIVER} ATHABASCA NORTH SASK. RED DEER TOTAL 
COAL MINES al 79 80 
NATURAL GAS 692 92 ll 221 1016 
OIL WELLS 5 | 7 492 | i 504 
: if 
MEAT AND POULTRY 33 : 3570 496 2658 6757 
FRUIT AND VEGETABLE ? 15 625 640 
| | f 
DAIRY PRODUCTS 22 539 306 576 1443 
: ised FW see | paid 
FLOUR AND BREAKFAST 
CEREAT, i 5 19 | 24 
FEED INDUSTRY 551 28 i 7 586 
BAKERY PRODUCTS 72 22 94 
: ee ee le = — ea 
MISCELLANEOUS FOOD 11 2806 2817 
BEVERAGE 24 1251 18 2133 3426 
= = = = 4 + 
CLAY PRODUCTS ; 2 75 77 
793 432 1225 
CONCRETE 145 297 442 
READY MIX 32 40 8 | 66 146 
140 14 154 
= 3. = ———————————————EE = aS Se eee 
MISCELLANEOUS 64 64 


MANUPACTURING - a fr a tara 
TOTAL 809 = 7233 1359 10094 19495 


INDUSTRY 


FOOD AND BEVERAGE 


TABLE V111 - 39 


WATER RECIRCULATION BY MAJOR FIRM 
TWO-DIGIT INDUSTRIES, BY UREAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 


PEACE 


EDMONTON | CALGARY | LETHBRIDGE neorerne GRANDE 
PRAIRIE. RIVER DEER 


HAT 


| 
9966 7132 4356 36 520 9012 


RUBBER AND PLASTICS 
PRODUCTS 


LEATHER 

CLOTHING 3 

WOOD INDUSTRIES 1330 

FURNITURE 

PAPER 7923 

PRINTING 

PRIMARY METAL 7525 104133 
METAL ie 2585 | 2585 
MACHINERY 7 vaahe 

TRANSPORTATION EQUIP. 116 

ELECTRICAL PRODUCTS 

NON-METALLIC MINERAL 664 1598 | 2278 
ai 60816 904 61720 
CHEMICAL 63720 137078 | 382206 
MISCELLANEOUS MANU - 37 37 
PACTURERG ss ee aa eer th ee 
MINERAL FUELS 4 478731 | 478735 
QUARRIES AND SAND PITS 

TOTAL 254622 


ee 


49) 


TABLE V111 - 20 


WATER RECIRCULATION BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER | 
ae aa | i ee ‘is i =— 7 7. 4 \ 
INDUSTRY | | 
EDMONTON CALGARY | LETHBRIDGE MEDICINE GRANDE | PEACE RED OTHER TOTAL 
} HAT PRAIRIE} RIVER DEER 
| 
COAL MINES 3782 3786 
= =_— = ue aan ees 
ion ap 
NATURAL GAS 474949 474949 
= ce —— 
OIL WELLS 
+ =; as ee 
MEAT AND POULTRY 1520 305 _ : : 10 10335 
L =i | 
FRUIT AND VEGETABLE 
: iL ty ule + i 
DAIRY PRODUCTS 308 36 510 305 1189 
ae +. 
FLOUR AND BREAKFAST 
CEREAL PRODUCTS fe eels ” wa — ro | 
FEED INDUSTRY 6 | iy 
aS = +— a 
BAKERY PRODUCTS 
=. a HM =! = 
MISCELLANEOUS FOOD 3463 8813 12276 
= i= - = r » 2 SS ee 
BEVERAGE 5298 222 | 7100 
; de ne. Ne 
CLAY PRODUCTS | | 
ar ere eee : et eet 
CEMENT 369 
— = — =p = ————— — ss ia —— =. = — {= + — —— 
| 
CONCRETE 16 | 19 
READY MIX 14 | 14 
i eee = Pree ee veer eier toe ee F eaten KE. 
GLASS 809 ; 1101 
Mie eve te 6.2 Paws Boe, See . ae ee ee —s EL = — ee ee = : 
LIME 775 | 378 
ae yee ae a eS eee ee or. eee , 2 RL 
MISCELLANEOUS 
MANUFACTURING are 
TOTAL 7148 4250 36 - - | 520 489417 512035 


= eo - - anaes 
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TABLE V1) - 21 


WATER RECIRCULATION BY MAJOR FIRM 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 


ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


INDUSTRY 


PEACE RIVER | ATHABASCA NORTH SASK. RED DEER SOUTH SASK, TOTAL 
FOOD AND BEVERAGE 10271 420 20331 31022 
RUBBER AND PLASTICS 226 226 
PRODUCTS E 230% ud 
LEATHER 
CLOTHING 3 3 
WOOD INDUSTIRES 1330 55 1385 
PAPER 8052 10 8062 

—_ SS ieee = ns 
PRINTING 
PRIMARY METAL 102801 1332 104133 
METAL FABRICATING 2585 2585 
MACHINERY 
TRANSPORTATION EQUIP. 46 306 352 
ELECTRICAL PRODUCTS 
eee ere fot . eds 
NON-METALLIC 
MINERAL 14 664 1600 2278 
€. we i a iia == = —— = —s a - 
PETROLEUM 61720 61720 
2 Es ESAS. Serene ——|--_-____----— kerr Sees 
CHEMICAL | 300798 51408 352200 
SS EL ae oes ee ee ae SS eS eee a1 Soaee —<_ Si —a_ 
MISCELLANEOUS MANU- 37 37 
FACUTRERS cate a oe & 2 || 2 nein ae emer a =" . [eee wn [tow 
geal: yeded tae 54392 37630 8316 231161 147236 478735 
37630 496623 231581 222504 1042744 
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TARDE VIL 22 


WATER RECIRCULATION BY MAJOR FIRMS 


SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 


ALBERTA, 1972 


(Acre ~ Feet) 


RIVER BASIN 

INDUSTRY PEACE RIVER | ATHABASCA NORTH SASK. | RED DEER | SOUTH SASK. TOTAL 

COAL MINES 3782 4 3786 
= 4 
NATURAL GAS . 50610 37630 8316 231161 147232 474949 
OIL WELLS | 
MEAT AND POULTRY 8240 10 2085 | 10335 
FRUIT AND VEGETABLE 
DAIRY PRODUCTS 435 | 410 344 1189 
f. i i | >. 
FLOUR AND BREAKFAST 
REAL PRODUCTS ——__ ay 2 

FEED INDUSTRY 116 
BAKERY PRODUCTS 
MISCELLANEOUS FOOD 
BEVERAGE 1480 
CLAY PRODUCTS 
CEMENT 369 
CONCRETE 3 
READY MIX 14 
GLASS 292 
LIME 
MISCELLANEOUS 
MANUFACTURING 
TOTAL 54406 37630 19251 169167 | 512035 


kl 


TABLE V111 - 23 


DEGREE OF RECIRCULATION OF WATER BY MAJOR FIRMS 
TWO-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Pea - Cent ) 


URBAN CENTER 
INDUSTRY i me — ae aa | 
EDMONTON | CALGARY LETHBRIDGE MEDICINE GRANDE | PEACE RED OTHER | TOTAL 
EAT PRATRIE! RIVER DEER | 
FOOD AND BEVERAGE 64 50 64 4 37 65 | 58 
z L : q | 
RUBBER AND PLASTICS 47 {- 


PRODUCTS _ 

LEATHER : fe ial af 
CLOTHING _ ale | 

WOOD INDUSTRIES 96 | 
FURNITURE : 


= } | 
PAPER 94 1 
PRINTING 
PRIMARY METAL ; oy/ 79 
: 2 z : | — : 
MACHINERY 


TRANSPORTATION EQuIP | 43 49 


ELECTRICAL PRODUCTS 


eS hl be eee (oe meretres | Sees | 
NON-METALLIC MINERAL 46 1 

s stake #1.) ee ed thee re Neer rs eee 
PETROLEUM 89 

CEEMICAL 93 33 91 | 


MISCELLANEOUS MANU- 16 
_FACTURERS __ 


MINERAL FUELS 4 


——————————— fe a) ne ae eer Sven mee -— = +f — =F eens 


TABLE VIM ~ 24 
DEGREE OF RECIRCULATION OF WATER BY MAJOR FIRMS 


SELECTED THREE-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Per - Cent ) 


URBAN CENTER 
a6 ae : a sea = 


INDUSTRY 
EDMONTON CALGARY LETHBRIDGE MEDICINE GRANDE | PEACE /|RED OTHER TOTAL 


COAL MINES © 


NATURAL GAS 


OIL WELLS 


MEAT AND POULTRY 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


FLOUR AND BREAKFAST 
CEREAL 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


BEVERAGE 


CONCRETE 


READY MIX 


MISCELLANEOUS 
MANUFACTURING 


TOTAL 


INDUSTRY 


FOOD AND BEVERAGE 


TABLE V111 - 25 


DEGREE OF RECIRCULATION OF WATER BY MAJOR FIRMS 
TWO-DIGIT INDUSTIRES, BY RIVER BASIN 


ALBERTA, 1972 


(Per - CENT ) 


RIVER BASIN 


PEACE RIVER | ATHABASCA 


NORTH SASK. 


63 


RUBBER AND PLASTICS 
PRODUCTS 


RED DEER 


32 


SOUTH SASK. 


LEATEER 


CLOTEING 


18 


WOOD INDUSTIRES 


96 


FURNITURE 


PAPER 


PRINTING 


PRIMARY METAL 


METAL FABRICATING 


MACHINERY 


TRANSPORTATION EQUIP. 


ELECTRICAL PRODUCTS 
= == — = t— iaednareices 
NON-METALLIC MINERAL 30 35 
aes = ie = = == oe —- 
PETROLEUM 89 
sais a ee ; tie ~ oe = 
CHEMICAL 94 
Baas eee ae See | ee ie ea | PeOnee aA 
MISCELLANEOUS MANU- Ue 
_FACTURERS __ § WS ee oa aoe - 
MINERAL FUELS 83 44 22 97 
ss oc her) eee UM St [Severe se Ads | Ses.c PE he see 
QUARRIES AND SAND PITS 
ed ne eee ee ae ———}--—- ——- . 
TOTAL 83 32 88 


190 


INDUSTRY 


COAL MINES 


TABLE VJ11 - 26 


DEGREE OF RECIRCULATION OF WATER BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 


ALBERTA, 1972 


( Per - Cent ) 
RIVER BASIN 
PEACE RIVER | ATHABASCA NORTH SASK. | RED DEER SOUTH SASK. 


NATURAL GAS .- 


OIL WELLS 


MEAT AND POULTRY 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


FLOUR AND BREAKFAST 
CEREAL PRODUCTS 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


BEVERAGE 


CLAY PRODUCTS 


CEMENT 


CONCRETE 


READY MIX 


LIME 
MISCELLANEOUS 
MANUFACTURING 


TOTAL 


19. 


anaaEaSis 
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TABLE V111 - 27 


WATER DISCHARGE BY MAJOR FIRMS 
TWO DIGIT INDUSTRIES, BY URMAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 
| Wek eR SNGE ae | ora e Se aa nag Parana ee iis aaa : 
DEN GU EDMONTON | CALGARY | LETHBRIDGE | MEDICINE | GRANDE | PEACE | RED | OTHER TOTAL 
HAT PRAIRIE RIVER | DEER 
| 
FOOD AND BEVERAGE 5584 6422 2126 707 879 5276 21045 
Beats | | = 
RUBBER AND PLASTICS | 315 
PRODUCTS | 
LEATHER 153 
4 
CLOTHING 13 
= a | 
WOOD INDUSTRIES 64 141 
= it 
FURNITURE ] | 
eitless sd 
PAPER 25687. | 26941 
\(aaee | 
PRINTING | €0 
PRIMARY METAL | 1529 2064 
: = = ul 
METAL FABRICATING | WW 
+ Sones = 
MACHINERY 
= —_—-——- —— 
TRANSPORTATION EQUIP. 346 
= He at. 
ELECTRICAL PRODUCTS 310 
‘ : | oe ee 
NON-METALLIC MINERAL 2 574 2615 
pee Dae 
PETROLEUM 16 31302 
CHEMICAL 5161 65,907 
Scape epee —— — — paver = <= 
MISCELLANEOUS MANU- | 1 172 
FACTURERS Be | ee | ee Oh ee ee ee | ee ee be 
MINERAL FUELS | | 23334 eee? 
QUARRIES AND SAND PITS 5 | 13 


TOTAL 


881 


61646 


175505 


LIL 


— 


_ 
> ee 


aa acy Fava 


a 


4 4 
a a 
- 7 
7 = 
: ; . : 
_ 
2 so 7 = - : 
] 
2] leltitleletatat | 
f 
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TABLE V111 - 28 


WATER DISCHARGE BY MAJOR FIRMS 
SELECTED THREE DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


(Acre - Feet ) 


URBAN CENTER 
INDUSTRY 


Pononnon CALGARY | LETHBRIDEE MEDICINE! GRANDE | PEACE ] RED a vie TOTAL 
HAT PRAIRIE | RIVER DEER 

COAL MINES 63 | 
NATURAL GAS 
OIL WELLS 
MEAT AND POULTRY 3359 
FRUIT AND VEGETABLE 
DAIRY PRODUCTS 336 
FLOUR AND BREAKFAST 
CEREAL PRODUCTS i 
FEED INDUSTRY 517 
BAKERY PRODUCTS — 72 
MISCELLANEOUS FOOD 
BEVERAGE 1300 
CLAY PRODUCTS 2 
CEMENT 29 
CONCRETE PRODUCTS 70 
READY MIX 3 

81 


MISCELLANEOUS 
—~MARUFACTURING--—-—---— 


TOTAL 5832 


ie 
a 
i 
7 


a 


| 


oe on 


TABLE VIII = 29 


WATER DISCHARGE BY MAJOR FIRMS 


TWO DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RURAL BASIN 


INDUSTRY ——--— nn 
PEACE RIVER | ATHABASCA | NORTH RED DEER | SOUTH TOTAL 
SASKATCHEWAN | SASKATCHEWAN 
QUARRIES AND SNAD PITS 1 | 7 13 
FOOD AND BEVERAGE 51 14403 | 21045 
ia. = e ea 
RUBBER AND PLASTICS fais 315 
PRODUCTS _ ; 
LEATHER 153 
CLOTHING 13 
WOOD INDUSTRIES 6h 141 
FURNITURE 
PAPER 774 | 26941 
he vane a : oe eat 
PRINTING 60 60 
PRIMARY METAL 304 | 2064 
si 
METAL FABRICATING 90 ae 


beeen 


MACHINERY 

TRANSPORTATION EQUIP. mi ei 346 
ELECTRICAL PRODUCTS | 310 310 
NON-METALLIC sea 224 4 sud ; 2615 
aca a 5670 32 25600 | 31302 
Rea i res: ‘ ie 65907 
Picton © 17 

FACTURERS oD | Raita ee | eee eee ee | Oe ee es 
MINERAL FUELS wi 

me 27641 


= 
J Sa 


+ on 


19 


TABLE V111 - 30 


WATER DISCHARGE, BY MAJOR FIRMS 
SELECTED THREE DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


: RuRAL BASIN 
INDUSTRY ie aa == 
Peace River | Athabasca North Sask. | Red Deer South Sask. TOTAL 
| 
COAL MINES 884 1 ¢ 189 1074 
NATURAL GAS 4240 14575 310 2070 1728 22923 
OIL WELLS 
MEAT AND POULTRY 33 3359 | 536 5008 8936 
FRUIT AND VEGETABLE 772 
DAIRY PRODUCTS ' 436 300 462 
= SS : ia | ee ae 
FLOUR AND BREAKFAST 5 30 
CEREAL PRODUCTS ta | 7 | 
FEED INDUSTRY eco | 28 17 
BAKERY PRODUCTS 72 | 22 
: Awe =e i | ae aE tes 
MISCELLANEOUS FOOD 4700 
~ lhe 
BEVERAGE 18 1251 18 3027 
arth 
CLAY PRODUCTS 2 55 yi 
_ a 7 | ee eres oth eee pe Eines ied | a a 
CEMENT 58 115 173 
= a oa :% = — So a 
70 331 401 
eS ras Ce siler 2 s ts - = 
4 8 4 1563 1579 
ke = | ee Cee ills | es oa 
86 8 9h 
be Tate. 2A ae pd eee LB (Soe a eel 


MISCELLANEOUS 
MANUFACTURING 


TOTAL 5179 14575 6209 


INDUSTRY 


FOOD AND BEVERAGE 


TABLE V1 - 31 


WASTE-WATER TREATMENT BY MAJOS FIRMS 
TWHDIGIT INDUSTRIES BY URBAN CENTER 


ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 


EDMONTON CALGARY 


wn er ieeetter ce = oo 


LETHBRIDGE | MEDICINE | GRANDE PEACE 


| HAT RAIRIE | RIVER 


RED 
DEER 


TOTAL 


RUBBER AND PLASTICS 
PRODUCTS 


LEATHER 


CLOTHING 


WOOD INDUSTIRES 


FURNITURE 


PAPER 


313 5 


PRINTING 


PRIMARY METAL 


METAL FABRICATING 


MACHINERY 


TRANSPORTATION EQUIP. 


ELECTRICAL PRODUCTS 


NON-METALLIC MINERAL 


PETROLEUM 


E ee 
| 
| 


4512 7121 


CHEMICAL 


MISCELLANEOUS MANU- 


HACTURER SS 


MINERAL FUELS 


QUARRIES AND SAND PITS 


TOTAL 


TABLE V111 - 32 


WASTE-HATER TREATMENT BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 


INDUSTRY a Se T ] 
EDMONTON | CALGARY | LETHBRIDGE | MEDICINE | GRANDE | PEACE | RED OTHER TOTAL 
HAT | PRAIRIE RIVER | DEER 
COAL MINES ; : 
3 Ses + 
NATURAL GAS 154 14018 14172 
ee + 
OIL WELLS 
== —— is 
MEAT AND POULTRY 1840 3285 480 6104 
FRUIT AND VEGERABLE 287 17 304 
—t 
DAIRY PRODUCTS IND. 
= : } 
FLOUR AND BREAKFAST 
CEREAL PRODUCTS __ | Mae : : ; 
FEED INDUSTRY 
BAKERY PRODUCTS ie 
MISCELLANEOUS FOOD 12 4072 4084 
BEVERAGE | 
CLAY PRODUCTS 
is et. pemoss. if ile! Oa | : 
CEMENT 
CONCRETE PRODUCTS 1 155 156 
READY MIX 1556 a at ad 
97 97 


MISCELLANEOUS 


MANUFACTURING 


TOTAL 1840 4996 934 18207 26476 
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TABLE V111 - 33 


WASTE-WATER TREATMENT BY MAJOR FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


PEACE RIVER | ATHABASCA NORTH SASK. | RED DEER SOUTH SASK. TOTAL 
FOOD AND, BEVERAGE 1840 310 8312 10492 
peta ead es 231 231 
LEATHER 
CLOTHING 
WOOD INDUSTRIES 4 4 
FURNITURE : 
320 26031 
PRINTING 5 
PRIMARY METAL 
METAL FABRICATING 
MACHINERY 
TRANSPORTATION EQUIP. 7 14 rail 
ELECTRICAL PRODUCTS 182 182 
NON-METALLIC MENERAL 1809 1810 
PETROLEUM 4572 32 7121 11725 
CHEMICAL 2859 2208 5067 
we Los He fe a » 
MISCELLANEOUS MANU- 
=ESCTURERS ee = = — = ie = _ 
MINERAL FUELS 162 854 786 ile ee 
QUARRIES AND SAND PITS 
9764 1196 20663 69737 


———— o— pa es 


INDUSTRY 


COAL MINES 


TABLE V111 - 34. 


WASTE-WATER TREATMENT BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 


ALBERTA, 1972 


( Acre - Feet ) 


RIVER BASIN 


Peace River Athabasca North Sask. Red Deer 


South Sask. 


NATURAL GAS 


828 11544 162 854 


OIL WELLS 


MEAT AND POULTRY 


30 1840 310 


FRUIT AND VEGETABLE 


DAIRY PRODUCTS 


FLOUR AND BREAKFAST 
—CEREAL PRODUCTS. 


FEED INDUSTRY 


BAKERY PRODUCTS 


MISCELLANEOUS FOOD 


4084 


BEVERAGE 


CLAY PRODUCTS 


CEMENT 


CONCRETE 


GLASS 


MISCELLANEOUS 
MANUFACTURING 


TOTAL 


859 11544 2002 1164 


10907 


TABLE V111 - 35 


CONSUMPTIVE USE OF WATER BY MAJOR FIRMS 
O-DIGIT INDUSTRIES, BY URBAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 


INDUSTRY ] 
EDMONTON | CALGARY |LETHBRIDCE | MEDICINE | GRANDE PEACE | RED OTHER | TOTAL 
| HAT PRAIRIE RIVER | DEER 
a 

FOOD AND BEVERAGE 389 584 312 118 17 ll 16 171 1618 
RUBBER AND PLASTICS 39 772 18 829 
PRODUCTS. 
LEATHER 
CLOTHING 1 1 
WOOD INDUSTRIES 34 48 
FURNITURE 
PAPER 3566 
PRINTING 
PRIMARY METAL 12 2478 
METAL FABRICATING 42 42 
MACHINERY 85 
TRANS. EQUIP. 16 38 
ELECTRICAL’ PRODUCTS 
NON-METALLIC MINERAL 583 1841 
PETROLEUM 1856 2069 
CHEMICAL 3074 5205 
MISCELLANEOUS A 18 
FACTURERS __ Steet ae 
MINERAL FUELS 21 77015 

6085 94859 


TABLE V111 - 36 


CONSUMPTIVE USE OF WATER BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES BY URBAN CENTER 
ALBERTA, 1972 


( Acre - Feet ) 


URBAN CENTER 


INDUSTRY 4 ahs ai mt a te 
CALGARY | LETHBRIDGE | MEDICINE | GRANDE | PEACE RED OTHER TOTAL 
HAT PRAIRIE! RIVER DEER 
COAL MINES . | 921 942 
ieee | | 
| 
NATURAL GAS 10 | | 18894 18904 
OIL WELLS : 57169 | 57169 
t _| a i bi 
MEAT AND POULTRY 72 74 36 6 ie | 405 
me ae Pace ee \ 
FRUIT AND VEGETABLE 4 | 144 163 
eal | Zl = 
DAIRY PRODUCTS 4 110 29 11 ital 6 4 | 259 
nS sae cae | 
FLOUR AND BREAKFAST “ ; 
CEREAL PRODUCTS ; ; | 
FEED INDUSTRY lL | af | mal LASS 
BAKERY PRODUCTS | | 
MISCELLANEOUS FOOD 76 | 16 103 
BEVERAGE 432 124 50 6 3 4 | 647 
. ee | = zt ee a3 L. ae 
CLAY PRODUCTS | 12 | 8 20 
=_ ad — i -- — — ss ~— 
| | 723 1129 
ee = a —- = _ — = -+ 
CONCRETE 70 | oalizyss 
we . a = 2 =: a | a 
READY MIX 137 5 2 3 7 | 181 
oe Ae: 1 ae eee Sait eee EEE f —4 aa r ~~ 
GLASS | | 15 | 60 
LIME 10 202 | 212 
MISCELLANEOUS 64 | | 64 
MANUFACTURING tp | as ee & -— & was neo -_ | poe 
TOTAL 865 Boi 132 20 11 78110 80474 


TABLE V111 - 37 


CONSUMPTIVE USE OF WATER BY MAJOR FIRMS 
TWO-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


River BASIN 


212 


INDUSTRY : 
PEACE RIVER ATHABASCA NORTH SASK. | RED DEER SOUTH SASK. TOTAL 
FOOD AND BEVERAGE 374 20 1196 1618 
RUBBER AND PLASTICS 39 790 829 
PRODUCTS. : : 
LEATHER 
CLOTHING 1 ‘ 
WOOD INDUSTRIES 36 48 
FURNITURE 6 6 
= — ----+— 
PAPER 60 3566 
PRINTING - 
PRIMARY METAL 2430 48 2478 
ws eae ever: ut 

METAL FABRICATING 42 42 
MACHINERY 85 85 

ay ieee “= as = 
TRANS. EQUIP. 16 22 38 
ELECTRICAL PRODUCTS 
=a ae ae : LS es 
NON-METALLIC MINERAL 28 1003 806 1841 
PETROLEUM 1970 86 2069 

_ eo ee: os ane peer oes 4 eet Gener fe ot ne a ee — | —— - 
CHEMICAL 5184 21 | 5205 
MISCELLANEOUS MANU- 18 18 
FACTURERS | eee el eee ees 
Nae eee ae a 

MINERAL FUELS 5892 33922 28910 3377 toed 
QUARRIES AND SAND PITS 
TOTAL 5949 37439 40083 6437 94857 
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TABLE V111 - 38 


CONSUMPTIVE USE OF WATER BY MAJOR FIRMS 
SELECTED THREE-DIGIT INDUSTRIES, BY RIVER BASIN 
ALBERTA, 1972 


( Acre - Feet ) 


River Basin 


INDUSTRY a 2 . = = eee 
| 
PEACE RIVER | ATHABASCA NORTH SASK. RED DEER SOUTH SASK. ; TOTAL 
COAL MINES 942 | 942 
NATURAL GAS 2660 11682 350 | 2070 2142 | 18904 
OIL WELLS 2290 22240 28560 2844 1235 157169 
| 
MEAT AND POULTRY | 211 | 194 | 405 
| 
ai Pit | 
FRUIT AND VEGETABLE 15 148 | 163 
DAIRY PRODUCTS 22 103 20 114 | 259 
FLOUR AND BREAKFAST 
CEREAL ‘ 7 
FEED INDUSTRY 34 
BAKERY PRODUCTS 
MISCELLANEOUS FOOD 11 
BEVERAGE 6 
CLAY PRODUCTS | | 
=~ = = ———s = oars = = a 4 ae 
CEMENT 812 
CONCRETE 105 
READY MIX 28 | 32 
GLASS . 54 
ae. = a os VA Seen sae 2 tee 
LIME | 
MISCELLANEOUS 64 
MANUFACTURING ea me 
5948 33922 40922 '80474 
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Appendix IX 


Water Rates 


Calgary, Alberta 


139774 
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THE CITY OF CALGARY 
WATER RATES 
MARCH Stee vou 


General Service Metered Water Rate 


First 5,00. wececsen es OCe Der 1,000 gals. 
Next 5, U0 Une a ewe ante Oem aper w1,0000dgals:, 
Nex CN gl Usessieaiels cae OG DEL ei, OU sala. 
Next SO;U00) . sos eee toe per tt, C00rgals:. 
Next SO ,0COM. cc ccawas Jee per 1,000 gals. 
Next 350, 000 eae cor) Det wl PO0Urgat Ss. 
All over DOO ,O0U cs cccueeee eae per, 1,000 dais. 


Minimum Charge cn Meters 


5/8 inch meter(incl. 1/2in. serv. line) per month ..$ 3.40 
Sencha t DEI (MOR th ie. os ststeielsc\alelslc «'o/sls cio e ois els ain toate, 
71-inch meter, Per MONTH wecssccvscecccsvccescscsees Het? 
tei se einen Meter, epee MODCR “sc eis cese) «16s ala ais) sle tate alaieteteu pote Od 
Seinen meter, PSL MONTH <1... 0s «ola .csielclsle oe alejaiels s.e1ss/eiens tt! 
SeLNCUeMete? IMCT CMOUEH: aie s/s cic aisles «isis osteleisie@ «6 aistenyita 
einch meter, PePamoOnth c.)s:.. se woe = se see acasisaecsa s Ue 
6 inch meter, per MONTH ceowccercceccerccccsecssesccce 4 
Seinen meters "Pere month ss 4 . 4.5 clein es ees sielew = dies wos ate 
10 inch meter, per MONth eooeesecsscccecsvccesccces 6 


a 


“ 
a 
a 


_ 


"y.. T -. _ 
: | i] 7 a _ | 
zag - 7 ° “Al te ’ 
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of -5OQ BBQ. ewsucens 000.2 . z 
ca oy Meese tts? pases oa 


394 BORvadcveses 000, 0€ 
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vans cna ,? aft 000,02 ; a 
aeg ow eee eres s 

: i seg GOs ci ceccesed Hees atm 
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Teo eee dno 394 ,29308 ay r 


tenet a beseeateccesesctesss SIR0E TOG «t970E a 

OTT. oo bh wb eOe cheb e ee eeoheeTares iz?aos 264 439396 ad 
2s TTT Te TTT Trae at fk: avaoe 2oq ~le7oa 
isa Sree een er eet eee eee ee eeeeaee uv7aou 304 ,793e8 
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